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Introduction 

A critical study of the stony layer in seeds of gymnosperms is 
desirable from the standpoint of comparative morphology, phy 
logeny, and chemistry. There is an extensive literature, but many 
problems are still unsolved, especially those concerning the chemis- 
try of the stony layer and the rdéle it plays in the interpretation of 
adjacent tissues. The failure to study this layer from its early 
stages to maturity has caused disputes regarding its nature, and has 
led to erroneous interpretations of the surrounding tissues, espe- 
cially the integument. In most of the genera of gymnosperms the 
stony layer has been mentioned or partially described; but a lack of 
appreciation of the importance of the layer, or the real difficulty of 
obtaining material and the exceptionally difficult technique have 
prevented a complete study. 

The earliest stages in the development of the ovule have ne 
been studied fully in any of the genera of Cycadales, Ginkgoales, 
Coniferales, and Gnetales, and publications dealing with young 
stages have failed to note the nature of the integument in its earliest 
stages. The difficulty in securing very young stages is doubtless 
partly responsible for our meager information, especially in case of 
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the cyeads. Taking advantage of the exceptional facilities afforded 
at the University of Chicago, I have studied the history of the stony 
layer in some of the gymnosperms, with the hope of filling part of 
the gap in our knowledge. 

OLIVER and Scorr (41) studied the seed of Lagenostoma Lo- 
maxti; STOPES (58, 59) investigated several genera of cycads; 
CHAMBERLAIN (12) studied the stony layer in Dioon edule; Spre- 
CHER (57) investigated Ginkgo biloba; WieLAND (71, 72, 73) de- 
scribed the seeds of Bennettitales; and several others have been 
interested in one stage or another in the development of the ovule 
and the seed. 

It is the purpose of this paper to present as complete an account 
as possible of the origin and development of the stony layer of the 
seed in several gymnosperms; to discuss the homologies of the stony 
layer in the different groups; to use the stony layer in interpreting 
the nature of the integument; and to touch upon the complex prob- 
lem of the chemistry of lignification of stone cells. 

Because the stony layer in these seeds is of integumentary origin, 
as far as the integument extends, a very critical study of the integu 
ment is of paramount importance. It is not the writer’s intention 
to devote much time to the homologies and interpretations of the 
tissues covering the ovules, nor to the nature of these tissues, as this 
subject has been amply discussed. 

The paper deals with Lagenostoma, some species of Cycas, Ginkgo, 
Pinus, Juniperus, Torreva, and Gnelum; with a glimpse of the stone 
situation in some angiosperm seeds. Unfortunately, because young 
Lagenostoma specimens were not available during the progress of 
this work, reference will be made only to the works of WILLIAMSON 
(75, 76), BUTTERWORTH (10), OLIVER and Scorr (40, 41), ARBER 
(2), CHODAT (14), and PRANKERD (46). 

This work was undertaken at the suggestion of Professor 
CHARLES J. CHAMBERLAIN of the University of Chicago, to whom I 
wish to express gratitude for his valuable suggestions and criticism, 
and also for the privilege of using his slides of cycads and preserved 
material. 

History 

So far as I am aware, the first reference to the stony layer in 

seeds of gymnosperms was made by MIQUEL (34) in 1842. His 
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description of the Cycas revoluta seed was taxonomic, but it was an 
attempt to distinguish the stony layer from the rest of the tissues 
surrounding it. Three years later (35) he studied C. revoluta and 
C. circinalis; and still later (36) C. inermis. Although brief and pri- 
marily taxonomic, this account is of great value morphologically, 
as he gave a description of the integuments and their nature. He 
recognizes two integuments. In his earlier papers he mentions one 
integument composed of three layers. He believes that the outer 
integument in the case of C. inermis is composed of two intimately 
associated layers, an outer fleshy and an inner which lignifies, so 
that the stony layer originates from the inner layer of the integu- 
ment. Evidently he did not study young stages of the ovules or he 
would not have assumed a dual nature of the integument. For 
the same reason other botanists have reached erroneous interpreta- 
tions of the integument of cycads. 

Before MIQUEL, BROWN (g) in 1826 gave an account of the struc- 
ture of the ovule and the female flower of the cycads, with a history 
of the various opinions concerning the female flower and the ovule. 
Others following him in studying the nature of the female flower and 
the ovule are as follows. Gris (23) compared the ovules of Cycas 
and Zamia with those of Ricinus. WARMING (70) in his researches 
on cycads described the structure of the seed. His finding of a 
thick fleshy layer on the inner side of the stony layer of the integu- 
ment is interesting, as this layer had been overlooked by early 
observers. KERSHAW (26), who made a study of the structure and 
the development of the ovule of Bowenia spectabilis, finds a general 
structural agreement with the seeds of the Medullosae, 7'rigono- 
carpus, Stephanospermum, and Cardiocarpus. The topography of 
the ovule is already well known in all genera of cycads. 

Next to the nature of the female flower and the ovule of the 
cycads, the integument is the most debated structure, some writers 
believing it to be single, while others think it has a dual nature. 
Much of the uncertainty has arisen from the failure to study the 
integument in its earliest stages. 

MIQUEL (34, 35, 36) found that in the ovule of Cycas revolula 
the integument is made up of three layers, and later published obser- 
vations on the ovule and integument of other cycads. He described 


an outer fleshy layer of the integument, composed of regular paren- 
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chymatous cells with abundant mucilage and brownish substance 
which we now know to be tannin; within this a layer of lignified or 
bony cells which become thickened with age; and he recognized a 
layer between the stony coat and the endosperm. Six years later 
(36) he described the ovule and integument of C. inermis, changing 
somewhat his views regarding the nature of the integument, for he 
recognized two integuments, which he called internal and external 
integuments. His early works described the ovule as covered by 
one integument composed of three layers, but in his latest work he 
recognizes two integuments, the outer integument consisting of two 
layers, an outer fleshy and an inner lignified. This might suggest 
a possible origin of the stony layer. Evidently he did not study the 
young ovules, because he distinguished at the very beginning a dis- 
tinct differentiation of the intimately associated layers in the outer 
integument. 

Brown (g) found only one envelope in the ovule of Cycas, but 
GRIFFITH (22) concluded that it consists of two united throughout 
their whole extent. GrirrirH evidently examined only mature 
ovules, where this condition is very pronounced (fig. 27), the demar- 
cation between the stony layer and outer fleshy layer in Zamia 
being very sharp; but the nature of the integuments cannot be 
interpreted from the older stage. Gris (23). investigating the 
ovules of Cycas and Zamia, stated that the female reproductive 
organ is a naked ovule, and that the envelope which covers it is an 
integument and not an ovary. OUDEMANS (43), In reviewing and 
commenting on the subject of integument, stated that the ovule of 
cycads is provided with one envelope only, but composed of two 
layers. BRAuN (8) mentioned the origin of the integument, and 
considered that it arises from the nucellus. Pryrirscu (45) is of 
the same opinion. 

BERTRAND (7), in his work on the integuments of the seeds of 
gymnosperms, gave a good account of the morphology of the stony 
coat and described the origin of its isodiametric cells. According 
to him the integument of Cycadaceae is composed of two parts, a 
fleshy part and a ligneous one. He further distinguished two layers 
in the stony layer, one composed of isodiametric cells and the other 
of elongated cells. With reference to the origin of the stony layer 
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he had the same idea as MigueL. The development of the integu 
ment was studied by WARMING (69), who believed a single integu- 
ment arises from the fusion of two original integuments. Wors 
DELL’s paper (78) on the morphology of the sporangial integuments 
reviewed the situation, and concluded that the ovule has a single 
integument. CELAKOvskKY, however, considers it along with Ce pha 
lolaxus as having two integuments intimately united, the outer 
fleshy and the inner woody. Stopes’ account (58) of the vascular 
anatomy of the sporophylls and ovules of all the genera included a 
discussion of the integument. She described briefly the three layers, 
and claimed a double nature of the integument in cycads, basing her 
assumption upon the bundle situation in the Lagenostoma cupule and 
in Cycas. Later (59) she published a paper dealing with the origin 
of the stony layer and the morphological nature of the sarcotesta, 
which she regards as the homologue of the cupule of Lagenostoma, 
so that the envelope of the cycad ovule is double, the sarcotesta 
being the outer integument. In 1906 WorsDELL (79) agreed with 
the views of CELAKOvsky regarding the nature of the integument. 
He thinks that there are two integuments in the ovule of cycads, 
and calls the outer fleshy layer the outer integument, and the inner 
fleshy layer with the stony layer as together constituting the inner 
integument. He also suggests homologies of the so-called outer 
integument with the detached cupule of Lagenostoma and Neuro p- 
leris heterophylla. 

KERSHAW (26), after studying the structure and development 
of the ovules of Bowenta S pec labilis, doubts the views offered by 
STOPES. SALISBURY (51) infers that the duality of the integuments 
in cycads is unlikely on account of the homogeneous development 
of the integument of Bowenia observed by KERSHAW, and more 
especially the anatomy of Trigonocarpus shorensis on which the 
paper is based. She states that such inner flesh as is present is 
simply the unsclerized internal lining of the hard shell facing the 
free nucellus. CHAMBERLAIN (12), in his work on the ovule and 
female gametophyte of Dioon edule, made a comprehensive study 
of the three layers of the integument, and also reviewed previous 
work on the subject. ScorTt (52) expresses some doubt regarding 


the suggestions made by Stopes that the cycad testa is essentially 
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double; and CouLtTeR and CHAMBERLAIN (16) express the same 
opinion. Dr Haan (18) made a comparative study of the morphol 
ogy and phylogeny of the ovule and its integuments, but gave no 
detailed descriptions. 

Although several botanists mentioned and figured occasional 
early stages in the development of the integument, no one has given 
a complete series of stages showing the origin, development, and 
nature of the stony layer in any of the cycads. WARMING (68) 
studied Cycas circinalis and Ceratozsamia longifolia, and TREUB (65) 
gave a description of the development of the ovule in Ceralosamia 
longifolia, in which one of his figures indicates that the integument 
might be homogeneous before it differentiates into the outer fleshy 
and inner fleshy layers. He also showed and sketched the stony 
layer of older ovules. Later LANG (29) investigated the ovule of 
Stangeria paradoxa, He described briefly the three layers in the 
integument which are distinguishable while the young megaspore 
is still uninucleate. His fig. 2, a photograph, shows the undiffer- 
entiated integument. ‘Two later stages are photographed, but the 
sections were evidently thick and probably rather deeply stained, 
so that, in the absence of any detailed description, the course of 
development is uncertain. Sropes (58, 59) studied the develop- 
ment of the stony layer after the three layers are formed, and specu 
lated upon the origin of the stony layer. She admits the intimate 
connection of the innermost cells of the outer fleshy and outermost 
part of the stony layer, but could not believe it to belong to the outer 
fleshy. CHAMBERLAIN (12), in his work on Dioon edule, although 
he did not study the development of the integument, suggested 
that the integument is homogeneous in character at an early stage. 
SmitH (56) studied the development of the ovulate strobilus and 
ovule of Zamia floridana, but was concerned only with the mega- 
spore mother cell and the surrounding tissues, so that, while she had 
the necessary stages, she did not study the integument except to 
note that it is hypodermal in origin. The growth of the nucellus 
and the integument was studied by KERSHAW (26) in Bowenia 
spectabilis, but her description of the integument and the stony 
layer was incomplete. 


Ginkgo has been the subject of much investigation and conjecture 
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for a long time. While the taxonomy, the vascular anatomy, the 
sperms, ete., have attracted the attention of botanists, the ovule 
has likewise been regarded as important. The Ginkgo ovule 
offers not only material for more critical study about its organiza- 
tion, but also a subject for comprehensive comparative studies. 
The taxonomic position of this genus has also been the subject of 
much speculation. The accounts are so extensive and numerous 
that no etfort will be made to narrate them here. In conjunction 
with the taxonomy of the genus, the morphology of the female 
flower has occasioned much dispute. Many botanists, as RIcHarp, 
BRONGNIART, SCHLEIDEN, and PARLATORE have contributed their 
observations and theoretical views to elucidate the morphology of 
the female flower. VAN TreGHEM (66) regarded the collar of the 
ovule as a rudimentary arillus. Previously there were several 
who discussed the nature of the female flower. STRASBURGER (60) 
described the ring or collar at the base of the ovule as the rudiment 
of the first pair of leaves of a secondary shoot; EICHLER (19) called 
the collar an outer integument; and WILLIAMSON (76) stated that 
the aril or collar at the base of the ovule suggests a vestige of the 
completely investing cupule of certain seeds like those of 
Lagenostoma. STRASBURGER (61) changed his views and called the 
collar an arillus, and regarded the fleshy covering as an integument. 
icHLER modified his view (20) and called it a rudimentary carpel. 
fuji (21) summarized the different opinions regarding the mor- 
phology of the female flower, and observed that the collar was found 
to pass gradually into the lamina of the modified leaf. LANG (29) 
in his paper on Stangeria paradoxa referred to the analogy of the 
integument at early stages to that of Ginkgo. SEWARD and GOWAN 
(54) gave a history of the genus from its first description. ‘They 
found in connection with the ovule that each is inclosed by a single 
integument, and at the base by an envelope or collar homolo 
gous with the lamina of the leaf. CARoTHers (11) observed the 
homogeneity of the integument in the very young. stages. 
SPRECHER’S (57) book on Ginkgo biloba gave a résumé of the 
different views regarding the nature of the ovule. He studied the 
very young ovule and its development until it became mature. 
He believed that there is but one integument differentiated into 
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three layers. He also studied lignification. SHAw (55) tentatively 
suggested in his paper, based on the anatomy, that the collar of the 
ovule is better regarded as a vestigial cupule, and expressed a view 
of the double nature of the integument. Arrourtir (1) reviewed 
again the history of the subject of the female flower, and also 
included a comprehensive discussion of the ribbing of seeds. 
COULTER and CHAMBERLAIN (16) gave a brief résumé of the views 
as to the nature of the cup or collar, and also the nature of the 
strobilus, and state that the integument is homogeneous at first, 
but by the last of May three distinct layers have become 
differentiated. ; 

The nature of the stony layer was studied in passing by several 
authors, and none of them seem to agree on certain technicalities. 
The failure of many of them to mention the way the cells were cut 
resulted in an erroneous interpretation of the true nature of the 
stony layer. The plane of cut of the stony layer gives some differ- 
ence in the appearance of the layers. Notable among the investi- 
gators who distinguished three layers was De HAAN (18), but his 
description is so meager and incomplete that one cannot be sure 
whether he is describing the cross-section or the longitudinal section. 
SERTRAND (7) recognized but two layers of the stony layer, the 
outermost composed of small isodiametric cells, while the cells of 
the imicrior are slightly elongated longitudinally. SprecHer (57) 
studied the development of the stony layer, but gave no detailed 
descriptions. His figures 149, 150, and 151, although rather dia- 
grammatic, are suggestive. 

The true nature of the female flower of Pinus has been an 
important question among botanists since the first announcement 
of their gymnospermous character by RoBERT BROWN (g) in 18206. 
He gave the early history of the subject, and included the works of 
LINNAEUS, Giskk, TREW, Jussieu, LAMBERT, SCHKUHR, SALISBURY, 
MIRBEL, SCHOUBERT, BAILLON, and several others. 

Next in importance to the female flower is the ovuliferous scale, 
called by MAsteRS (33) “fruit scale.’ There is a great diversity 
of opinion which has given rise to a voluminous literature. As the 
subject requires an extensive discussion, and as it is beyond the 


bounds of the writer to settle the controversy, reference will be made 
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only to the different opinions. The various claims have been fully 
outlined by MAsrers. RaApats (47) and WorspELL (74) made a 
critical review of the whole situation, and COULTER and CHAMBER- 
LAIN (16) summarized the numerous different views. 

The female flower of Juniperus has been discussed almost as 
much as that of the Cycadales, Ginkgoales, and other Coniferales. 
Lorsy (32) described when the genus was first established and the 
systematic work done upon it. Before him JAck (24) cited several 
who monographed the genus and studied its fructification. Studies 
on periodic ity ol this fructification were given by several botanists, 
and JAck himself contributed, but in most cases the reports were 
based on herbarium material rather than upon field and laboratory 
observations. Following such observations and studies, the most 
dificult question was about the true nature of the female flower. 

Von Mout (67) regarded the ovules as metamorphosed bracts, 
and SACHS (§0) adopted the same view. JACK suggested that they 
were “scales.” BAYER (3) made a critical study of the female 
ower of Juniperus, reviewed the subject, and concluded that the 
ovules are borne on sporophylls. RENNER (40) also reviewed the 
various interpretations and confirmed the findings of BAYER. 
Others who have contributed are RENNER (48), KuBarr (27), 
NOREN (38), OrrLeEy (42), NICHOLS (37), Lotsy (32), COULTER 
and CHAMBERLAIN (16), and De HAAN (18). 

The literature on the organography of the female flower of 
Gnetum is very extensive on account of the important position of 
Gnetales. Consequently only a brief account can be given here. 
The classic studies on Gnetales were started when Grelum was first 
described. So far as [ am aware, Jussieu was the first one to 
deseribe the genus in a taxonomic account in 1789. Many botanists, 
as RICHARD (1826), BROWN (1827), BLUME (1834), MEYER (1846), 
ENDLICHER (1847), BLUME (1848), LINDLEY (1853), AGARDH (1853), 
BENTHAM (1856), TULASNE (1858), and Henrrey (1859) have 
contributed their observations on the female flower. GRIFFITH (22) 
stated that the flower consists of a single naked ovule with two 
envelopes. He described also these envelopes, and although inferior 
as to accuracy, it is worth while noting, as it shows one of the earliest 


attempts to interpret the different tissues of the ovule. He 
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studied also the development of these envelopes in G. scandens 
principally, and other species, except G. Gnremon, and also the coat 
in the mature seed. The following have studied the Gnetales 
since then: HOOKER (1863), EICHLER (1863), Dr CANDOLLE (1868), 
PARLATORE (1808), De Mont and DescaAINE (1868), and VAN 
TIEGHEM (1869). STRASBURGER (60) gave a résumé of the various 
views on the female flower, and concluded that in Guetum it is an 
adventitious bud. He also considered the three envelopes as three 
integuments; the inner ones he claimed to be homologous with the 
one internal integument of Hphedra, and the outer one an external 
integument. He also regarded the female flower as an ovary, with 
two carpels. Brccart (4) studied the development of the female 
flower of Guetum Gnemon and contirmed STRASBURGER’S interpre- 
tation that the complete flowers have three envelopes, while the 
incomplete ones have but two, and that the integument surrounding 
the ovule does not belong to the ovule. After BECCART, BERTRAND 
(7) also studied the ovule of Gnretum, but did not contribute much 
on the morphology of the female flower. STRASBURGER (61) 
abandoned the opinion he had advanced earlier as to the nature of 
the female flower, and called it an ovule. He makes comparison 
of the internal and intermediate envelopes of Guetum with the 
internal integument of Ephedra, and the external integument of 
Gnetum with the external integument of Ephedra. KARSTEN (25) 
studied Guetum and confirmed the findings of STRASBURGER and 
BECCARI regarding the nature of the envelopes. Lorsy (31), in 
his résumé of the previous work on the inflorescence and female 
flower of Gnelum, outlined the different views on the subject. 
He also gave a detailed description of the development of the 
integuments in the three species. He called the female flower an 
orthotropous ovule, with a single integument. This is contrary 
to STRASBURGER’S (21) view of two integuments. He _ further 
stated that the integument is surrounded by two whorls of bracts, 
which he called an external and internal perianth, and concluded 
that the inner envelope is the only integument present. .WoORSDELL 
(78), studying the morphology of the sporangial integuments, called 
the outer envelope a perianth and the two inner ones integuments, 


and claimed that the two integuments occur uniformly throughout 
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gymnosperms. ‘The writer’s findings, however, do not agree with 
his last view. 

BeNson (5), in seeking to connect the angiosperm with the 
gymnosperm flower, took Guelum as the basis. She made homolo 
gies of the female inflorescence of Gnetum with those of Castanea. 
As regards the nature of the flower and the envelopes, she had some 
interesting views, although their real significance and application 
are doubtful. She thought the nucellus and the lobed inner integ 
ument equivalent to a synangium. She further stated that the 
female synangium of Gnelum is further surrounded by two envel 
opes, ‘the inner of which probably represents the outer integument 
of the angiospermic seed, and the outer, as has frequently been 
pointed out, the carpel.” COULTER (15) made homologies of the 
three layers of the integument in Cycadophytes, Ginkgoales, and 
Coniferales with the integuments of Guelwm. BERRIDGE (6) called 
attention to certain resemblances mentioned by SEWARD between 
the seed of Guetum and that of Bennettites, both as to external 
features and internal features. The most complete historical 
account of the various opinions concerning the inflorescence and 
the female flower of Guelwm was given by LIGNrER and TISON (30). 
THompson (64) made a thorough investigation of Gnelum. As to 
the female flower, he concludes ‘‘that the strobilus of Guelum is 
closely related to the catkins of the Amentiferae; that the flowers 
are reduced from a bisporangiate condition; that the inner envelope 
of the ovulate flower is an ovary homologous with that of the angio- 
sperms and bearing a true style (the micropylar tube).”” CouLrer 
and CHAMBERLAIN (16) gave a short account of the interpretation 
of the female flower and also the outermost envelope. They called 
this structure the perianth, and the two innermost envelopes the 
{wo integuments. PEARSON (44) gave a complete history of the 
different views regarding the interpretation of the nature of the 
female flower of Guetum and also in reference to the envelopes. He 
discussed fully the morphology of the female flower and also the 
nature of the envelopes. THODAY (63) gave a recapitulation of the 
structure of the female flower and followed the view advanced by 
COULTER and CHAMBERLAIN (16). She regarded the ‘perianth”’ 
of probably foliar nature. STRASBURGER (60) stated that when 
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there are but two integuments present in Guelum Gnremon the order 
of the growth of the integuments is basipetal, but when the flower 
is perfect the condition of growth is from base to top. Lorsy (31) 
in his studies of Gnelum remarked that the three envelopes arise in 
a centripetal direction. CouLTeR (15), working on G. Guemon, 
concluded that the two integuments develop in basipetal succession. 

A summary of the number of integuments is not out of place. 
GRIFFITH (22) mentioned that there are three envelopes and that two 
of them belong to the naked ovule; he spoke of them as envelopes 
and not as integuments. STRASBURGER (60) called the three envel 
opes three integuments, but later (61) changed his view and called the 
outermost envelope a perianth and the two inner envelopes integu 
ments. Lorsy (31) concluded that the ovule is provided with a 
single integument and the two outermost envelopes he designated 
as bracts, calling them the “internal and external perianth.” 
COULTER (15), BERRIDGE (6), COULTER and CHAMBERLAIN (16), 
SEWARD (53), THopAyY (63), and Dr HAAN (18) maintained the 
view sponsored by STRASBURGER in 1879, that there are two integu- 
ments, and that the outermost envelope is the ‘perianth.” 

The stony layer has been described by many botanists, but in 
most cases the descriptions are incomplete and meager, and the 
illustrations are either too diagrammatic or inaccurate. GRIFFITH 
(22), describing the mature seeds of Guelum scandens, called the outer 
envelope ‘“‘baccate,” the middle one “drupaceous,” and the inner 
one “fibro-cellular.” Judging from his descriptions, he recognized 
but two layers of the stony layer. He described the layer outside 
of the palisade region as “externally suleate,” the palisade layer 
as “cells arranged transversely,” and the innermost fibrous layer 
as “‘a great number of the longitudinally disposed fibers, which are 
longer and much less in diameter than those of the outer baccate.” 
Coutter (15), studying G. Gnemon, decided that the outer integu- 
ment is differentiated into an outer fleshy and an inner stony layer. 
BERRIDGE (6), who suggested resemblances between the seeds of 
G. Gnemon and those of Bennettites Morierei, was able to distinguish 
but two layers belonging to the stony layer, the palisade and the 
fibrous. THompson (64) described the outer integument as 
CouLter did, but gave more elaborate description of the outer 
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fleshy layer. Judging from these accounts and others of the same 
nature, it is evident that investigators have missed the outermost 
layer of the stony layer, which is made up of small isodiametric 
cells. THopay (63) figured but two layers of the stony layer, a 
palisade layer and a row of isodiametric cells outside of the palisade 
layer. 
Material and methods 

The material used included some slides of Lagenostoma by 
Lomax; but the stages had little bearing upon the stony layer, so 
that L have depended upon the results obtained by OLIverR and 
Scorr (40, 41). 

In the cycads it is difficult to obtain a complete series in the same 
genus or species from very young stages until the ovules are ripe 
and the shell hard; and so some stages were studied in one genus 
and some in another; but the material was sufficient for a compara- 
tive study of the nature of the mature stony layer in various genera. 
The following genera are included in the study: Cycas, Dioon, 
Stangeria, Microcycas, Ceratosamia, and Zamia. In the Ginkgoales 
a very complete series of stages was secured, showing the develop- 
ment from the beginning of the integument until the stony layer 
became hard. In the Coniferales only three genera, Pinus, Junip- 
erus, and Torreya, were studied, but the stages, especially in Pinus 
and Juniperus, were rather complete. In the Gentales only 
Gnelum is included in this paper, although a few stages in Ephedra 
and Welwilschia were available. 

While it is not intended at this time to describe the stony 
layer in the seeds of angiosperms, many genera of the lower 
Archichlamydeae, including Carya, Corylus, Fagus, Hamamelis, and 
Juglans, were collected and sectioned. For comparison, a brief 
mention will be made of only Sassafras, Quercus, and Prunus. 

The histological technique for the younger stages is not very 
difficult; but when the stony layer begins to lignify, difficulties are 
encountered. ‘The tannin or resin usually present in the integument 
hinders rapid penetration of the killing and fixing reagent, so that 
in most cases the ovules must be trimmed. 

Some of the material was examined in the living condition, but 
most of it was sectioned with a microtome. Chromo-acetic acid 
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and hot corrosive sublimate acetic were used for fixing. For stages 
when the egg is already formed, the corrosive sublimate acetic 
proved to be the best; but for very young stages, when the female 
gametophyte is in the megaspore mother cell stage or in the free 
nuclear stage, chromo-acetic fixative is better. ‘The specimens were 
left in the hot corrosive sublimate acetic for to—15 minutes, and then 
transferred to 70 per cent alcohol. Otherwise CHAMBERLAIN’S (13) 
method was followed. 

In the very early stages of the ovules no dissection or trimming 
was necessary. Those fixed in chromo-acetic generally floated, but 
this difficulty was overcome by means of an air pump. In dehydrat- 
Ing, 10, 15, 20, 30, 40, 50, 60, 70, 85, 95, and too per cent alcohol 
was used, and three changes were made a day. The mixture of 
absolute alcohol and xylol used was 2.5, 5, 10, 15, 25, 50, 75, and 
100 per cent, with also three changes during the day. The 75 
per cent xylol was colored with eosin, to prevent loss and to 
facilitate orienting the specimens previous to cutting. ‘The material 
was left in xylol-paraffin for at least two weeks before imbedding. 
With the oven at 50-52° C., one hour was allowed, for very young 
ovules were infiltrated in 20-30 minutes, but later stages required 
about an hour. 

A Spencer rotary microtome with Gillette blade was used for 
cutting. For older stages, especially those with fairly hard stony 
cells, an inclined holder was used. Serial sections, 5~10 uw in thick- 
ness, were cut at various angles. Mayer’s egg albumen was used; 
this, however, was unsatisfactory after the stony layer began to 
harden. For these refractory stages Land’s gum arabic fixative 
gave the best results. 

The triple stain (safranin, gentian violet, and gold orange) was 
the most satisfactory with the orange dissolved in clove oil. Light 
green was also used, and in older stages gave good results. Iron- 
haematoxylin was used for very young stages, with a deep counter 
stain in gold orange. 

Hard shells were softened by means of roo per cent hydrofluoric 
acid. ‘Ten days was sufficient for Ceratoszamia, Ginkgo, and Pinus; 
Gnetum required 18 days, Juniperus 20 days, and Cycas two months. 
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Cellulose acetate (74) was tried to soften hard shells, but gave no 
satisfactory results. 

Cycadofilicales 

LAGENOSTOMA 

The large group of fossil seeds of Cycadofilicales has been worked 
thoroughly by English investigators and several others; and 
Bennettitales have been investigated, especially by WreLanp 
(71, 72, 73). Using as types Lagenostoma for the Cycadofilicales 
and Cycadoidea for the Bennettitales, attention was confined to 
Lugenostoma, because in both genera the seeds are incased in an 
outer palisaded layer, and the integuments are strikingly similar in 
organization. 

In 1876 WILLIAMSON (75) established the form genus Lagenos- 
foma, distinguishing three species, L Lomaxii, L. physoides, and 
L. ovoides. L. Lomaxii, the species selected in this work, has been 
fully described by OLIVER and Scorr, who announced that the seed 
belonged to Lyginodendron Oldhamium (40), and later published a 
full account (41). Lagenostoma physoides, referred to by WILLIAM- 
SON (76) as Physostoma, was studied by BuTreRWoRTH (10), and 
finally worked out by PRANKERT (46). ARBER (2) described two 
additional species from impressions, as L. Aidstoni and L. Sinclairii. 
Unfortunately she said very little about the testal situation, and 
the account was more or less taxonomic. Other accounts are of 
minor importance, so far as the stony layer is concerned. 

OLIVER and Scorr (40, 41) described the structure of the seed 
of Lagenostoma Lomaxti, its pollination, and the morphology of the 
seed and the cupule. They showed the integumental situation and 
figured the true nature of the stony layer and surrounding tissues. 
In their accounts they described the canopy, palisade layer, chalaza, 
and vascular system. The canopy is the free part of the integument, 
and the rest of it is coalescent with the body of the seed for four-fifths 
of its height. The coalesced part consists of two kinds of elements, 
an outer palisade layer and an inner hypoderm. The superticial 
tangential section of the seed shows that the palisade layer is made 
up of cells arranged in longitudinal series, ‘running from pole to 


pole like circles of longitude.” In transverse sections of the seed, 
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the palisade layer presents “the form of a continuous investment of 
radially elongated elements about 24 in width, while near the 
apex it attains a much greater radial thickness (114 ).”’ “In most 
specimens the palisade cells bear little pegs at the surface, not always 
inserted centrally, and having a height reaching 20-24 w and occa- 
sionally even 30. Commonly these pegs are black and struc- 
tureless, while occasionally the body of the peg appears to be 
inclosed in a little cap of membrane.” De HAAn (18) thinks that 
“perhaps they may be considered as the remainder of small cells on 
the outside of the palisade layer which have segregated mucilage.”’ 
The palisade layer in the small abortive seeds shows no differen- 
tiation at all, suggesting the situation in Pinus and Juniperus. 
OLIVER and Scort’s findings regarding the palisade layer are most 
interesting and important. They say “such seeds are limited by 
a layer of small cubical cells which bear peglike papillae, appar- 
ently not yet separated by transverse walls. It may be supposed 
that at a later stage of development this layer divided tangentially 
into two layers, of which the thinner elongates to form the pris- 
matic layer, whilst the outer survives in the form of pegs.” While 
this case is not exactly analogous to the situation in Pinus and 
Juniperus, the development of the two layers in the integument in 
the latter seeds suggests an analogy. 

In its whole organization the seed of Lagenostoma Lomaxi 
suggests the seed of a modern cycad. Below the level of separation, 
the testa (integument) and nucellus constitute one structure as in a 
cycad. The cupule, which was compared with the sarcotesta of 
the cycad ovule, will be discussed later. The palisade layer, which 
has been described as simple, cannot be taken as an index to show 
its antiquity because, even in the angiosperms, we have seeds with 
a simple stony layer as in Sassafras (figs. 81, 82,83). The preserva- 
tion of the palisade cells is very important, with the nuclei well 
shown. It is to be regretted only that no very young seeds of 
Lagenostoma have been collected, showing the structure of such a 
layer in a very young stage. It is likely that the stony layer in 
this seed developed as in Sassafras, in which it is differentiated at a 
very early stage as the one layer of cells marks itself out. The cells 


finally elongate, stretching without dividing. After attaining the 
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mature length, the stony layer starts to lignify, beginning with the 
walls in the outermost part of the cell, and finally becomes thickened 
throughout. Pitting in the stone cells is very common. Lignifica- 
tion starts from the micropylar end and gradually descends toward 
the chalazal region. In the seeds of Lagenostoma there is no indica- 
tion that the cells in the palisade layer have become pitted. 

The cupule of Lagenostoma, although it immediately surrounds 
the ovule, suggests the husk of [icoria, in some species of which the 
husk is free at the micropylar end when ripe and dried. The general 
features of the husk of //icoria and the adnate cupule of Lagenostoma 
suggest an analogy. The position of the stone also suggests a 
similarity. A study of these analogies will be undertaken in a 
future paper, 

Cycadales 

The integument of cycads is hypodermal in origin, and arises 
as an organ distinct from the nucellus. The elevation of the integu- 
ment is the result of periclinal divisions of the hypodermal cells, 
and also there are anticlinal and radial divisions later. The inter- 
mediate stages (ligs. 1-4) show the early development of the 
integument, after the first periclinal division of the integumental 
mother cell. These stages have developed somewhere between July 
25 and August 8. 

The integument (figs. 1, 2) shows that it is a homogeneous 
tissue, with cells generally hexagonal and uniform in shape. Fig. 1a 
shows a very young ovule before the megaspore mother cell is 
differentiated, but the archesporial region is already distinct. The 
meristematic region responsible for the elevation of the integument 
is shown in fig. t, a detail of part of the integument in fig. 1a. The 
divisions are both periclinal and anticlinal, with some radial. The 
next stage of the developing integument (figs. 2, 2a) shows it 
outgrowing the top of the nucellus a little. The meristematic 
region of the integument is much broader here, and the tissue is 
homogeneous (fig. 2), with cells nearly uniform in shape and size. 
The development of the integument is coincident with the develop- 
ment of the archesporium. It begins to differentiate into two 
regions, an outer zone (the outer fleshy) and an inner zone (the 


inner fleshy). This differentiation starts as soon as the megaspore 
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mother cell is formed (figs. 3, 3a). The cells in both the outer 
and inner fleshy layers still show the traces of the old hexagonal type 
of cells, but the tirst indication of the demarcation line between 
the inner and outer fleshy layers is a row of somewhat uniform 
squarish cells, This row not only sets the outer and inner fleshy 
layers apart, but there is a difference also in the density of the cells 
in each region. ‘The outer cells are less dense, and the nuclei are 
comparatively smaller, barely filling up the cells, and even the 
cytoplasmic radiations are not strongly developed. In the inner 
fleshy layer the nuclei of the cells are large, occupying nearly the 
whole cell, and the cytoplasmic radiations are much more pro- 
nounced, giving the cells a denser appearance. Cells below the 
level a (at 6 in fig. 3a) are of the type prevalent in the very young 
integument. ‘The appearance of the squarish cells can be regarded 
as the limiting factor. The layer is formed by anticlinal divi 
sion. ‘The ovule represented in figs. 3 and 3a was collected about 
August 8 (56). 


Pics. 1-8.—Vigs. 1-5, Zamia jloridana: fig. 1a, diagram of median longitudinal 
section of very young ovule before megaspore mother cell is formed, showing meriste 


a, sho ving 


matic tissue of developing integument (a), » ; fig. 1, details from a of fig 


undifferentiated integument, * 502; fig. 2a, diagram of median longitudinal section of 
ovule slightly older than fig. ra, showing integument and nucellus, 27; fig. 2, integu 
ment in fig. 2a, showing homogeneous tissue, cells isodiametric, X 300; fig. 3a, diagram 


} 


of median longitudinal section of ovule when megaspore mother cell is already formed, 


<12; fig. 3, integument in fig. 3a, showing beginning of differentiation of outer fleshy 
ind inner fleshy layers; all cells below level a, at 6, fig. 3a, isodiametric, X 300; fig. 4a, 


diagram of median longitudinal section of ovule older than fig. 3a, 13; fig. 4, integu 


ent of ovule in fig. 4a, showing early beginning of stony layer (s); cells of outer fleshy 
layer (of) near periphery beginning to orient, X 300; fig. 5a, diagram of median longi 
tudinal section of ovule collected August 29, with enlarged embryo sac, and before 


megaspore mother cell nucleus has divided, X13; fig. 5, portion of integument 


from tig. 5a, showing two rows of cells of stony layer, with squarish or isodiametric 
cells, X 300; fig. Oa, Microcycas calocoma: diagram of median longitudinal section of 
ovule in early free nuclear stage, 13; fig. 6, VW. calocoma: integument from fig. 6a 


t), showing very early differentiation of stony layer, stage slightly younger than shown 
in fig. 5, X19 fig. 7, Ceralosamia mexicana: portion of integument in median longitu 


al section of ovule, showing further development of stony layer (a), inner row of 





cells belonging to outer fleshy layer (ef), 6 and c, cells belonging to stony layer, X 195; 
VW. calocoma: diagram of median longitudinal section of ovule in free nuclear 
stage, showing region (a) where details of fig. 8S were taken, 8; fig. 8, AZ. calocoma: 


rtion of integument of ovule in tig, Sa, showing further development of stony layer 
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Figs. 7 and 8 were chosen from an ovule a little older than that 
shown in figs. 3 and 3a. It shows a much more developed nucellus, 
and still is in the megaspore mother cell stage. The integument 
has increased considerably in size. The comparative size of the 
nucellus and integument, with a detail of the tissues, is shown in 
figs. 4a and 4. ‘The mode of growth of the integument checks the 
enlargement of the nucellus a great deal, and also causes the narrow- 
ing of the micropyle. This stage of the integument is little older 
than that in fig. 3, and shows the beginnings of the second row of 
somewhat squarish cells. In addition to such progress in the differ- 
entiation, fig. 4 also shows that the peripheral cells of the outer and 
inner fleshy layers begin to orient themselves, elongating in a 
longitudinal direction. The division of the megaspore mother cell 
into two cells, finally into four megaspores, and then the disinte- 
gration of the three and functioning of one, do not affect the integu- 
ment at all in the development of its structure. Such divisions 
must have taken place rather rapidly. 

The enlargement of the embryo sac begins about August 209, 
followed by growth of the surrounding tissues (‘‘spongy tissue’’). 
This further development of the embryo sac affects the tissues of 
the integument. The early beginnings of the stony layer seem to 
start after the megaspore has divided, and also when the spongy tissue 
shows considerable development. Figs. 5 and 5a show the origin 
of the stony layer; in fact, the squarish or isodiametric cells can be 
considered as the “stony mother cells.” Their presence marks the 
outer from the inner fleshy layer. Divisions of these cells periclinally 
result in more squarish or isodiametric cells. This shows that the 
stony layer is of integumental origin, as far as the integument 
extends, and that the stony layer first originates from the innermost 
cells of the outer fleshy layer. This does not mean that the stony 
layer is composed wholly of cells of the outer fleshy layer. Further 
study of the stony layer will reveal that the inner fleshy layer also 
contributes to the formation of the stony layer of the old ovules. 

From the stages shown in figs. 6 and 6a the study of the stony 
layer will be based on different genera: Microcycas, Ceratozamia, 
Dioon, Zamia, Cycas, and Stangeria. A range of generic material 


will not only provide a range for study of variations in the develop- 








1925] QUISU MBING—SEEDS OF GY MNOSPERMS 141 


ment and nature of the stony layer in these genera, but will give 
also an opportunity to connect the stages more critically, as it is 
difficult to obtain a complete series from one genus alone. With 
the exception of Zamia floridana, the stages in the different genera 
are interrupted. [t will be found that the stages show an unbroken 
continuity with little modification, which will be noted in passing. 

Microcycas calocoma (ligs. 6, 6a) shows a striking resemblance 
to Zamia in the development of the isodiametric cells, the type first 
appearing in the life history of the stony layer. The cells in the 
outer and in the inner fleshy Jayer show a little more variation in 
shape than those of Zamia. In the former they are more or less 
elongated longitudinally. The cells in the inner fleshy layer begin 
to show a little distortion, some becoming somewhat compressed or 
flattened. As in Zamia, cells destined for the stony layer divide 
anticlinally. The stage of the embryo sac is like that of Zamia 
(figs. 5, 5a), collected August 5. 

In the ovule of Ceratozamia mexicana (tig. 7), about the age of 
that of Microcycas (igs. 6, 6a), the outer fleshy layer becomes more 
active than the inner. Previous to the formation of the isodiametric 
cells of the stony layer the cells of the outer fleshy layer divide 
periclinally first, resulting in clongated cells (b,c). As in the two 
other genera, the formation of the isodiametric cells is by an anti 
clinal division. Fig. 7 (a, 6) shows an intimate relation of the 
innermost row of cells of the outer fleshy layer and the young 
isodiametric cells of the stony layer. At this stage the inner fleshy 
layer has not yet differentiated. 

Figs. 8 and 8a (Microcveas calocoma) show two rows of tsodia- 
metric cells already formed, and the cells in the outer Neshy layer 
near them beginning to show anticlinal division. An ovule of Cerato- 
samia mexicana, about 8X5 mm., and embryo sac with free nuclei 
in the stage of early wall formation show further stages of the 
development of the other three layers of the stony layer. It shows 
transitional stages of some of the isodiametric cells to the “vertical 
type,” by failing to divide anticlinally and by slight clongation. 
It also shows transitions of the outermost layer of the inner fleshy 
layer to the so-called elongated longitudinal type of cells of the 
stony layer, by enlarging and expanding in a longitudinal direction. 


nate 
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Fig. g shows about eight layers of isodiametric cells and considerable 
thickness of the vertical cells, and the beginnings of the elongated 
longitudinal type of cells of the stony layer. 

A Zamia ovule of the same age (fig. 10) shows the same phenome- 
non as regards the structure of the integument shown in fig. 8. 
The sharp definition of these three types of cells of the stony layer 
is shown in a cross-section of an ovule (figs. 11, 11a) of practically 
the same stage as fig. 9. The first outermost type, corresponding 
to the isodiametric cells longitudinal section), are well differentiated 
from the vertical cells by their shape. The clongated longitudinal 
type of the longitudinal section) is differentiated from the vertical 
cells by the size and by having in most cells round corners rather 
than sharp and angular ends. The inner fleshy layer can be distin 
vuished from the elongated Jongitudinal type by having sharp angles 
and a rather squarish shape. There is only one layer of the some 
what roundish type of cell (elongated longitudinal in longitudinal se¢ 
tion). The growth of the ovule is accompanied by the differentiation 
of the three types of cells of the stony layer. The stony layer at first 
crows In thickness by periclinal divisions and by the sacrifice of some 


other cells. Figs. 12 and 12a (Muicrocyeas calocoma) show that the 


Mics. g-15.—tig. 9, Ceralozamia mexicana: portion of median longitudinal section 
! integument howing eight lave rs of isodiametric cells vertical cells e and 
by evinning ol elongated longitudinal typ of cells of stony laver Ci}, AIOO; HZ. 10 


diagram of median longitudinal section of ovule repeating situation 


in tig. Sa, KO; fig. ria, Micrecyeas calocoma: diagram of transverse section of ovule, 
ving different lavers; outer fleshy laver (ef), isodiametric cells (/so), vertical cells 
early beginning of clongated longitudinal cells (e/), inner tleshy layer 


tr, MM. calocoma: portion of integument from fig. r1a, showing stony and fleshy 
ayers, 1905; fig. 12a, MM. calocoma: diagram of median longitudinal section of ovul 
howing region (a) where details in fig. 12 were taken, X6; tig. 12, 7. calocoma: details 

tin fig. 12a, showing thick region of isodiametric cells, vertical cells, and elongated 
£2 


portion of integument from median longitudinal section of ovule, showing fleshy lavers, 


longitudinal cells contributed by inner fleshy layer (/f), X105; fig. 1 


ind comparatively thin stony layer, 1606; fig. 14a, Z. floridana: diagram of trans 
verse section ol ovule, showing region where details ot lig. 14 Were taken, KO; ng. 14, 
Z. floridana; details of a from fig. 14a, showing vascular bundle in outer fleshy layer, 
erent layers of stony layer, and portion of inner fleshy layer, 106; fig. 15a, Z. 
diagram of median longitudinal section of ovule, showing region where 

details in fig. 15 were taken, X06; tig. 15, Z. floridana: details of a from tig. 15a, showing 


different layers of stony layer, with inner layer showing extreme elongation of cells, 
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inner fleshy layer at this stage has contributed two or three layers 
of cells to the elongated longitudinal type of cells of the stony layer. 
It is very well differentiated by its size, and also by the form of the 
cells. It is very evident from fig. 12 that the vertical cells of the 
stony layer are the result of failure of the isodiametric cells to divide 
anticlinally. Fig. 13 (Zamia floridana) shows an ovule in the early 
stage of wall formation of the nuclei in the embryo sac. It gives 
an idea of the comparatively simple stony layer, and also the actual 
thickness of the whole stony layer. The isodiametric cells are 
comparatively thin, of about five rows of cells, the vertical cells of 
about the same number, and three rows of the elongated longitudinal 
type. The figure also presents a picture of the later stage of trans- 
formation of the vertical and elongated longitudinal type of cells 
of the stony layer. The cells are becoming irregular and wavy 
in form previous to elongation, a phenomenon due to the growing 
ovule. An ovule of the same age, in cross-section (figs. 14, 14a), 
gives an idea of the great thickness of the outer fleshy layer and the 
comparatively thin inner fleshy layer, which is now only about 
four layers thick. The outermost cells of the stony layer (isodia- 
metric in the longitudinal section) are elongated longitudinally 
with sharp ends; the vertical cells show irregularities in form from 
an orbicular type to the stretched longitudinal cells. The round 
corners, due to intercellular spaces, also are characteristic. The 
third type of cells of the innermost part of the stone shows an inti- 
mate association with the inner fleshy layer, not only in the resem- 
blance of cell form, but also in the displacement. The nuclei of 
the elongated longitudinal type of cells are pointed (figs. 15, 16), 
and even others show stages of disorganization. This state of 
disorganization is valuable in the study of the lignification of these 
cells. While nuclei may be found occasionally in the isodiametric 
cells in the stony layer, they generally disappear and are entirely 
absent in the well lignified cells. The further development of the 
stony layer is accompanied by continuous elongation of its longi- 
tudinal cells. They often elongate enormously to form structures 
like a fiber. In Cycas revoluta the differentiation and development of 
stony layer until the formation of the archegonium are practically the 
the same as in the other genera described, the only difference being 
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in the number of layers composing the stony layer. Because of the 
ovoid form of the ovule, there are more layers of isodiametric and 
vertical cells than are generally found in Zamia. 

While Zamia, Ceralozamia, Microcycas, Stangeria, and Cycas 
offer examples of a rather simple stony layer, possessing three types 
of cells, Dioon edule shows the most complex one in this stage. The 
development of the four types of cells which constitute the stony 
layer and the reason for such complexity are illustrated by fig. 18. 
The development of the isodiametric cells is identical with that in 
other genera, but the origin of the vertical and transverse type of 
cells is different. The origin of the elongated longitudinal type, the 
fourth type, is similar to that in the other genera. They are 
products of the inner fleshy layer, and both show intimate connec- 
tion with each other. The inner fleshy layer is differentiated from the 
elongated longitudinal cells of the stony layer by its even orienta- 
tion, and by having perpendicular rather than slanting walls. The 
cells are stretched and flattened somewhat, due to the growth of the 
ovule. The flattening of these cells is due to the centrifugal and 
centripetal forces acting upon them on both sides. The further 
stretching of the clongated longitudinal cells of the stony layer and 
the outermost ones of the inner fleshy starts from the micropylar 
end and gradually descends to the chalazal region. The isodiametric 
cells show great resemblance to the innermost cells of the outer 
fleshy layer. Of course the peripheral cells of the outer fleshy layer 
have changed in shape and have assumed a parallel arrangement. 
The second type of cells (the vertical) must have originated from 
the isodiametric cells, but on account of the pulling effect apically, 
due to the growing integument, they tend to stretch and assume 
a more or less twisted shape. In the mature ovule these cells 
assume, more or less, the form of an S, which is not so conspicuous 
when the ovule is ripe. The third type of cells does not stretch as 
much as the second type. The cells divide periclinally to form the 
so-called transverse type. When the ovule is small, as in Zamia, 
the structure of the stony layer is not so complex (fig. 19). In the 
latter part of the life history of an ovule of Zamia, about 22X11 
mm., the isodiametric cells of the stony layer are reduced to about 


two layers only, making a reduction of five to two. Some of these 
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cells are being used in the formation of the vertical type of cells 
(fig. 20). ‘The sequence of events in the development of the different 
layers of the stony layer is interesting. The last in the life history 
lignifies first, and the first to appear (the outermost) lignifies last. 

During lignification the cells of the stony layer show many 
marked changes. After the three distinct layers have been differ- 
entiated, the next step is the transition of one kind of cell to another. 
Conspicuous in this is the further transformation of the isodiametric 
cells of the stony layer to the vertical type, by the cessation of cell 
division and enlargement of the cells, followed by elongation. When 
this stage is reached, the vertical cells resemble, more or less, the 
elongated longitudinal cells (figs. 16, 17, 19, 20, 21). In fig. 17 
one sees the reduction of the number of isodiametric cells reaching 
across the layer, from about five to seven, in young stages (fig. 9), 
to about two layers in this stage. The other transformed isodia- 
metric cells, after enlargement (b), have a more or less uniform shape, 
and are angular. There are distinct intercellular spaces. Cells 
from the outer fleshy layer to 6 are thin and parenchymatous, but 
below the level of d the walls are beginning to thicken, while at the 
end of level ¢ no thickening is taking place. Walls are double and 
thickest at level c. At this level the tissue is further characterized 
by the presence of an enormous number of tannin cells, especially 
in the elongated longitudinal type of cells. The thickening and 
distinct doubling of the innermost walls, adjacent to the inner 
fleshy layer, are signs also of approaching lignification. The walls 
with rounded corners of the vertical and elongated longitudinal 


cells of the stony layer in cross-section) are differentiated from those 


ics. 1 1.—tig. 16, Cerulozumia mexicana: portion of integument in median 
longitudinal section of ovule, showing transitional stages of two outer layers of stony 
layer, and extremely elongated longitudinal cells of stony layer, X 106; fig. 17, C. me 
portion of integument in transverse section of ovule, showing cells of stony layer 
(a,b, ¢), X 1660; fig. 18, Dioon edule: portion of integument in median longitudinal sec 
tion of ovule, showing three types of cells of stony layer; complex cells not yet 
formed, X105; tig. 19, Zamia pumila: portion of integument in median longitudinal 
section of ovule, showing very simple stony layer and its thickness, X57; fig 


portion of integument in median longitudinal section of ovule, showing vet 


tical cells beginning to elongate, and very extreme elongated longitudinal cells: outet 


] 


fleshy layer showing clongated transverse cells, X 195; fig. 21, C. me ma: elongation 


1 vertical cells of stony layer, X 160. 
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of the isodiametric type, which are angular and pentahexagonal. 
Phe third stage of the development of the stony layer is character- 
ized by the extensive stretching of the vertical cells (fig. 21). They 
not only stretch like the elongated longitudinal cells, but also show 
a thickening of the walls. Stretching is most developed in an ovule 
when the embryo sac has enlarged a great deal previous to fertiliza 
tion of the egg. lig. 22 shows the clongated longitudinal cells very 
much stretched, and the vertical cells adjacent to them also clongat 
ing. In an old ovule of the same age (fig. 22a) the isodiametric 
cells have undergone changes in form, except in one or two layers 
that are adjacent to the outer fleshy layer. The isodiametric cells 
of these two layers show all stages of transition in form and even 
in thickness of walls from isodiametric to cells with more or less 
roundish walls, and to clongated vertical cells. The walls become 
thicker within until they are distinctly double and are thick in the 
clongated longitudinal type. An ovule of the same size and age of 
VWicrocycas calocoma shows the same behavior of the developing 
stony layer. 

Phe most complex stony layer reported by several investigators 
so far as the nature of these layers within are concerned, is not really 
Very complex, if studied in series and at different stages. A Dioon 
edule ovule 8X3 mm. shows the three types of layers distinctly 
fig. 18). The tirst outermost cells are the isodiametric, and the 
middle laver Is ( omposed of vertical cells, which originated from the 
isodiametric cells by anticlinal divisions. Fig. 18 shows the 


ix. { 


lias, \ tig. a, C. mexicana: diagram of median longitudinal 
ion where details in tig vere taken ng ( 
ro i, showing transitional stages in elongation of cells of stony | 
ge in wall structure of isodiametric cells, X 166; fig D 
( edn oneit idinal seclion ot ovule, showing region where details in fi: 
3 D. edule details from a, fig 2. showing vertical cells beit 
ed into S-shaped cells, formation of transverse cells, and elongated long 
cells of stony layer, 195; fig. 24, D. edule: transverse cells and elongated lon 
cells of stony layer, X 195; fig. 25, D. edule: integument in median longitudinal sect 
ing change of transverse cells to elongated longitudinal cells, 195; fig a 
portion of integument of median longitudinal section of ovule, near micropy 
r end, showing transverse stretching of cells of outer fleshy layer, with port 
ny layer, X100; tig. 27, 7. foridana: portion of integument from ovule older 1 


in fig showing extreme elongation of outer tleshy layer cells, X< 1¢ 
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beginnings of the twisting of the vertical cells. The innermost cells 
of the stony layer are of the clongated longitudinal type. A little 
older stage (figs. 23, 23a), when the ovule is 13 X8 mm., shows more 
markedly the displacement of the cells of the stony layer. Even 
the isodiametric cells are being stretched somewhat in the apical 
direction. The vertical cells have stretched a great deal and are 
beginning to show the S form. ‘The stretching of the vertical cells 
is followed by enlargement, thus eliminating the more pronounced 
S form. Fig. 24, instead of having such S form cells of the vertical 
type, shows irregular forms, with more or less rounded corners. 
Even the number of layers of the isodiametric cells has been reduced, 
a reduction very common in all genera of cyeads. Figs. 24 and 25 
show stages in the developing cells belonging to the vertical type 
innermost and adjacent to the elongated longitudinal cells. While 
fig. 24 is from a much older ovule than that in fig. 25, the transition 
is very marked. In this figure the squarish cells found in the inner- 
most region of the vertical cells are still preserved. In a mature 
ovule this is characteristic, especially near the middle portion; but 
somewhere near the apex, where stretching is most evident, these 
squarish cells also show stretching (fig. 25), which continues until 
the growth of the ovule ceases. In a mature ovule these squarish 
cells have undergone enormous stretching, often resembling the 
elongated longitudinal type, except that they are comparatively 
shorter. This is more complex in Dioon edule than in Zamia 
floridana (fig. 20), but the final product and nature of the stony 
layer are almost identical in all genera. While in Zamia floridana 
the transition of one cel) to the other is simple, in Déioon edule 
it is quite complex. The elongated, longitudinal, S-shaped cells and 
the transverse (squarish) cells of the vertical cells are transitional 
stages and not final. 

Following the thickening of the walls is the doubling. The 
chemical phenomena taking place in this doubling are not known, 
but indications of their nature throw light upon the problem of 
lignification. The nature of the walls of the stone cells in a mature 
ovule is shown in pl. figs. 4, 4a. For the mature stages the apical 
and chalazal regions of the stone cells give the best material, but 


for very young stages of lignification one has to search in the cells 
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near the middle part of the ovule. Whether the nucleus and tannin 
in cells play a part in the lignification the writer is not able to ascer- 
tain; but observations show that these cell contents have something 
to do, as in the case of protoplasmic inclusions these materials follow 
practically the same life history in the formation of pits. Tannin 
persists in the life history even when the cells are already lignified 
and hard. ‘The nucleus in some cells persists, but in such cases it 
does not take part in the lignification; but disorganized nuclei 
probably do take part. In cells where no nucleus or tannin takes 
part, the protoplasm and the vacuolar contents are important. In 
this case, the protoplasm seems to be made of very fine reticula with 
very minute granules. Under the high power dry lens these inclu- 
sions seem to appear homogeneous; but examining them under an 
immersion lens, the homogeneous structure looks very much more re- 
ticular and granular. Large and small granules are distinguished. 
In young stages the nucleus is surrounded by radiating cytoplasm 
with conspicuous vacuoles. The cell sap in these vacuoles probably 
undergoes some chemical changes as the cells get older. The cell 
inclusions are dense near the walls, and light and vacuolated near 
the center of the cell. This dense portion contains a quantity of the 
large granules, which orient themselves and appear as a heavy line 
under the low power lens. In mature stages these granules produce 
the double character of the walls (pl. figs. 1-3). During the develop- 
ment of the stone cells these granular materials first found in the 
cytoplasmic strands are attracted to the walls, and the successive 
piling on the walls gives the dense condition. Following the 
orientation of these granules and other material upon the walls 
comes vacuolation, which also starts near the walls and gradually 
moves to the center (pl. fig. 3). Vacuolation is often spontaneous, 
and is responsible for the pitting in these stone cells. The presence 
of several of these slits gives an appearance of a branching pore. 
Vacuolation is due to the aggregation of these granules and reticular 
hbers (pl. fig. 4a). 

Pitting can be formed without the participation of the nucleus 
or tannin. When the nucleus takes part, the first stage noted is the 
rupture of the nuclear membrane, which allows the nuclear contents 
to be dispersed in the cell. This mass plus the cytoplasmic material 
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now diffused throughout gives a denser look to the cells. Most of 
the granular matters are piled up on the walls and the rest dispersed 
all over, and are often connected by threadlike structures. This 
starts actively at the apical region of the integument, the elongated 
longitudinal cells being the first to react, then the vertical cells. 
Simultaneously the basal cells also lignify, but instead of being 
elongated longitudinally and stretched, they are more or less elon- 
gated horizontally and interlaced with one another. Somewhat 
isodiametric cells are found, especially near the regions of the 
vascular bundles. Lignification seems to proceed faster at the 
chalazal region than at the apical portion; and while it is going on 
in the stony layer, some cells of the inner fleshy layer most intimately 
connected with the stony layer also lignify. This is especially true 
near the chalazal end. This lignitication of some of the inner fleshy 
cells explains why in the ripe seeds the basal end of the stone is 
often adnate to the papery inner fleshy layer. 

In the ripe seeds there are in general two layers of cells of the 
stony layer. While in the developing ovule three or four layers are 
distinguished, the final result is two-layered, the two layers of 
cells differing not only in form and size, but also in the nature of 
the walls, especially the secondary thick walls. The cells of the 
outermost layer adjacent to the outer fleshy layer are smaller, 
isodiametric, with more or less rounded lumina and rounded corners 
(pl. fig. 5). 

Pitting is universal in the developing stone cells. It disappears 
as a general rule when the cells have become hard and lignified, 
but sometimes we find isolated cells with pits. The tissues around 
the pits during early lignification show a homogeneous structure 
with no signs of slits or pores. Later this becomes somewhat 
vacuolated by enlargement of these pores. This vacuolation 
continues (vestiges of this seen in pl. fig. 6) and forms pores. 
At the same time the pits at the center coalesce, and those near the 
periphery of the walls elongate. When two pits happen to be in 
line on opposite sides, and vacuolation and elongation in longitudinal 
direction continue, they form the “pores,” a kind of canal which 
establishes connection between the lumen of one cell and the other. 


In the stone cells these pores are much lighter and less dense. 
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Between these are dense portions which form the thick coating of 
the walls, which is originally of the tissue surrounding the pits. 
Striations in this thickening are very evident, even in stages before 
the final orientation of the material to the walls. The cells from 
the outer layer differ not only in the form (isodiametric), but also 
in the size of the lumina. ‘There are again more pores, and the 
structure of the walls is quite different. ‘The thickening is made up 
of superposed layers. The nucleus sometimes persists, and if it 
does it is colorless and the cytoplasm surrounding is disorganized 
(pl. fig. 5). Cells near the inner fleshy layer are elongated, and in 
Ceralosamia many are still filled with tannin (pl. figs. 6, 8). While 
gencrally the pits disappear at maturity, they sometimes persist. 
These cells afford a good illustration of the development of the walls 
after pitting (pl. fig. 6). This figure illustrates also stages from 
homogeneity until the same tissue becomes striated. Cells near 
the inner fleshy layer, belonging to the elongated longitudinal and 
vertical type of the stony layer, are quite simple in organization. 
Phere are fewer pores, but the secondary walls are quite complex. 
They are practically double-layered; the portion adjacent to the 
primary wall has the vertical striations, while the layer toward the 
lumen has parallel striations. The lines, instead of being more or less 
straight, are slightly wavy (pl. fig. 7). Cells with tannin (pl. fig. 8) 
have more or less rounded corners and show the same double layered 
secondary wall. The pores are also filled with tannin and very often 
the ends of the papillae are enlarged. While the opposite papillae 
show intimate connection, no protoplasmic strands could be found 
connecting the two papillae. One might be able to see strands if 
the material were fixed and stained for protoplasmic connections. 
The stony layer in the different genera of cyecads studied shows 
variation in thickness, shape, and also in the structure of the layers 
which constitute it. In general the stony layer is simple, except in 
Cycas revolula and Dioon edule. The stony layer of Ceralosamia 
mexicana can be regarded as typical of the Cycadaceae, with 
(yeas revolula and Dioon edule as exceptions. In Zamia floridana 
the stony layer is two-layered, both in transverse and in longitudinal 
section. The outer layer is composed of elongated longitudinal 


cells in transverse section, the cells varying in size, being smallest 
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in the outermost part, and gradually increasing in size as they 
approach the inner layer. The inner layer is made up of isodia- 
metric cells of varying lengths, the smallest being near the inner 
fleshy layer. In longitudinal section the stony layer shows little 
variation. The outer layer is made up of isodiametric cells and the 
inner layers of elongated longitudinal cells, which diminish in size 
as they reach the inner fleshy layer, but are comparatively longer. 
The stony layer in Microcycas calocoma is practically the replica of 
that of Zamia floridana, both in arrangement of cells and in struc- 
ture, but the walls are not as thick as those of Zamia floridana. 
The region of isodiametric cells (belonging to the outer layer in 
longitudinal section) is quite extensive, often occupying more than 
the whole width of the stony layer. The study of Cycas revolula 
shows that there are two layers, but in addition the stony layer is 
quite complex, nearly comparable with that of Dioon edule, but not 
as complex. While in the other genera studied the two layers of 
the stony layer are very distinct in their orientation and form of 
cells, Cycas revoluta shows some variation worth noting. The stony 
layer is thicker than in Ceralosamia mexicana, Zamia floridana, 
and Microcycas calocoma. In a transverse section the outer region 
is made up of small isodiametric cells on the outside, gradually 
increasing in size as they reach the middle region of the stony 
layer. While this is true, we have a mixture of elongated longitudi- 
nal cells sandwiched in between the isodiametric cells. This gives 
rather complex structure, but not as complex as that of Dioon edule. 
In all genera studied, in the young stages before lignification there 
are three rather distinct layers, the isodiametric type on the outside, 
the vertical in the middle, and the elongated longitudinal on the 
inside. The vertical type due to the growing ovule disappears at 
maturity, being changed to the elongated longitudinal type. In 
Dioon edule there are four layers in the young stages before lignifica- 
tion, but finally only two or three, with the third one rather arbi- 
trary. The third layer often remains wavy, a reminder of the old 
S type of cells. The outer layer is made up of isodiametric cells 
which increase in size as they approach the arbitrary third layer. 
The elongated transverse cells, common in young stages, disappear 
at maturity. The inner layer of the stony layer is made up of 
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elongated longitudinal cells, increasing in length as they approach 
the inner fleshy layer. The cells in the chalazal region are 
isodiametric. 

Ginkgoales 

A very young integument of Ginkgo before the megaspore 
mother cell was formed (figs. 28, 28a) shows that the tissue is 
homogeneous. This is a replica of conditions found in cycads. 
Phe material was collected very early in the spring. 

Although the tissue is homogeneous, the form of the cells 
suggests a little difference. The young cells give an impression of 
the isodiametric form (fig. 28, 7), but on growth and development 
of the integument these cells become stretched somewhat to the 
elongated longitudinal type. This shape is due to the growing tip 
of the integument. Soon after the integument has outgrown the 
nucellus, and the megaspore mother cell becomes recognizable, a 
change takes place in the integument, differentiating the outer and 
inner fleshy layers. Figs. 29 and 29a show a very early differentia- 
tion of these layers. The cells in the outer fleshy layer still show 
the elongated longitudinal form, while the inner fleshy cells are 
becoming somewhat twisted. The outermost cells of the outer 
fleshy layer adjacent to the epidermis divide anticlinally and orient 
themselves with the epidermis. The tips of the integument grow 
toward the nucellus first, but later they become erect, giving a 
saddle-like form to the apical portion of the integument (fig. 30a). 
The development of the megaspore mother cell is coincident with 
the development of the integument. 

Fig. 30 is an older integument, when the megaspore mother cell 
has begun to enlarge and vacuolation has started. A row of cells 
is formed which marks the demarcation of the outer and inner fleshy 
layers. From analysis this row of cells belongs to the outer fleshy 
layer. ‘The origin of the stony layer is dependent upon the orienta- 
tion of the cells belonging to the fleshy layers. From division of 
cells 1 and 2 (fig. 30), the first layer of cells of the stony layer is 
developed. Cells 3, 4, 5, 6, and 7 show that periclinal division has 
taken place. In all cases the cuticle of the epidermal cells of the 
integument is very thick (fig. 31). While the illustrations to follow 
are almost always drawn at the level a little above the base of the 
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nucellus, the figures of the apex of the integument (figs. 31a (a) 31) 
illustrate the method of formation of the stone cells and the origin 
of the first stone cells. At the very apex (fig. 31) the two layers of 
the stone cells show that the cells are differentiated from the outer 
and inner fleshy layers. They are clongated longitudinally, while 
the outer and inner fleshy cells are more or less squarish; the walls 
of the inner fleshy cells being formed by radial division, while those 
of the outer are formed by anticlinal division. Somewhat lower 
there are several layers of stone cells which show their origin from 
the outer fleshy layer rather than from the inner. While in cycads 
the first type cells of the stony layer are isodiametric, in Ginkgo 
they are composed of the elongated longitudinal type of cells. 
Fig. 32 was taken at level } (fig. 31a), and shows uniformly elongated 
longitudinal stone cells. They show intimate relation with the cells 
of the outer fleshy layer, and the inner fleshy cells show still the 
radially arranged walls. The tissue of the integument behaves 
practically the same as in fig. 32, when the megaspore mother cell 
has enlarged a great deal, and vacuolation has become more pro 
nounced. 

As the integument grows both in thickness and in height, the inner 


Fics. 28a-—35.—Ginkgo biloba: fig. 28a, diagram of median longitudinal section of 
very young ovule before megaspore mother cell is formed, 23; fig. 28, integument 
shown in fig. 28a, with homogeneous, undifferentiated tissue, * 193; fig. 29a, dlagran 
of median longitudinal section of ovule rather older than in fig 28a, & 23; fig. 29, integ 
umént in fig. 29a, showing very early differentiation of outer (0) and inner fleshy 





layers, X 19s; fig. 30a, diagram of median longitudinal section of ovule in early di 





entiation of megaspore mother cell, X13; fig. 30, integument of fig. 30a, showing fur 
ther differentiation of outer (1, 2, 3, etc.) and inner fleshy layers, X 166; fig 
of median longitudinal section of ovule where details in figs. 31, 32 were taken, 


{ 


fig. 31, details of a, fig. 31a, showing early differentiation of stony layer (s) and fleshy 


layers on both sides, X 166; fig. 32, details of 4, fig. 31a, showing first type of cells of 
stony layer el), isodiametric cells belated, & ros; fig. 33a, diagram of median longi 
tudinal section of ov ule; megaspore mother cell int reased in SI ec. and 3-4 TOWS of arche 
sporial cells, X12; fi 


g. 33, details of a, fig. 33a, showing intimate connection between 
juvenile stony layer and outer fleshy layer, and longitudinal stretching of inner fleshy 
layer cells, X195; fig. 34a, diagram of median longitudinal section of ovule in early 
lree nuclear stage, X6; fig. 34, details of a, fig. 34a, showing formation of isodiametric 
cells by periclinal divisions of elongated longitudinal cells, X 300; fig. 35, portion ol 
integument in median longitudinal section of ovule much older than in 33a, showing 


thick stony layer, X 160. 
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fleshy layer cells are subjected to stretching (fig. 33). Fig. 33 was 
taken from level a of fig. 33a. The stone cells, however, resist such 
a pull. The intimate connection of the stony layer and the outer 
fleshy layer is best illustrated in fig. 33, the outer fleshy cells having 
quite uniform rectangular cells, elongated longitudinally and some- 
what enlarged. At one time in the division of the megaspore mother 
cell another type of cell appears in the stony layer. At the time 
of the second division, which forms four free nuclei in the embryo 
sac, there is a further stage in the development of the stone cells. 
In cycads the isodiametric cells are first in appearance, but in 
Ginkgo they are belated and appear in a different region. In 
cycads the isodiametric cells are localized at the outermost region of 
the stony layer adjacent to the outer fleshy layer; in Ginkgo they 
originate from the clongated longitudinal cells innermost and adja- 
cent to the inner fleshy layer (figs. 34, 34a). The behavior of the 
isodiametric cells is probably due to the absence of a bundle in the 
outer fleshy layer. 

The elongated longitudinal cells of the stony layer are formed by 
periclinal division, and the isodiametric cells by anticlinal division 
of the elongated longitudinal cells (fig. 34), starting from the inside 
and working outward. The innermost cells of the stony layer are 
differentiated from the inner fleshy cells, not only in their form, but 
also in the sharpness of the angles. In fig. 35 there are distinctly 
two layers of cells, a very thick layer composed of isodiametric 
cells, and one row of elongated longitudinal cells which failed to 
divide anticlinally. This behavior of the outermost row of cells of 
the stony layer shows again the intimate relation of the outer fleshy 
cells and the outermost stone cells. The cells resemble in form 
those of the outer fleshy layer, although the latter are longer and 
larger. 

As the ovule grows and the archegonium is formed, the paren- 
chymatous cells of the outer fleshy layer swell enormously. This 
enlargement tends to crush and compress some of its cells adjacent 
to the stony layer, but the stone cells suffer little compression. 
Simultaneous with this enlargement and elongation of the cells of 
the outer fleshy layer, the cells of the inner fleshy layer also clongate 


(fig. 37). The isodiametric cells also enlarge and elongate. Fig. 37 
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shows some isodiametric cells beginning to elongate, thereby los 
ing the isodiametric form. While all the innermost cells of the 
stony layer clongate, some retain their form, and this explains why 


isodiametric cells are found in the innermost layer in the old seeds. 





rics. 36a-40.—Ginkgo biloba: fig. 36a, diagram of median longitudinal section of 
ule, showing region where details in figs. 36, 


gs. 30, 37 were taken, X 2.50; fig. 36, details of 
a, lig. 30a, showing elongated longitudinal cells of outer fleshy layer (of) and portion of 
stony layer <160; fig. 37, details from db, fig. 36a, showing elongated longitudinal 
cells of inner fleshy layer (if) and portion of stony layer (s), X 166; fig. 38, transverse 


3 
ection of ovule 20-21 mm. in diameter, showing cells of outer fleshy, stony, and inner 
fleshy layers, X166; fig. 30, transverse section of ovule near base, showing transfusion 
tissue and cells of outer fleshy layer, X195; fg. 40, transverse section of ovule, taken 
near middle level, showing transfusion cells (//) and stone cells before lignitic ition; 


transfusion cells in this ovule disappear near micropylar end, X 195 
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Before presenting the subject of lignification, we may consider 
what possible relation the food contents of the three layers of the 
integument hold to the process. The cells of the outer fleshy layer 
are very rich in tannin, which is localized in Ginkgo, but in cycads is 
found in the outer fleshy layer, the inner fleshy layer, and even in 
the stony layer. It cannot be inferred that tannin forms a vital 
part in the lignification of cells, because there are cycads, like 
Slangeria, with no tannin at all in the integument, and yet lignifica- 
tion proceeds unhampered. The outer fleshy layer of Ginkgo is 
also well supplied with oxalate crystals, as in cycads, and with an 
abundance of starch and chlorophyll. Tests show no starch or 
chlorophyll in the stony layer or in the inner fleshy layer; but both 
are abundant in the nucellus and the nucellar region. The tissue 
surrounding the pits gives no reaction to lignin tests, but secondary 
walls begin to show a slight response. Cells of the stony layer 
react plainly to the lignin test. 

The first glimpse of lignification is practically cycadean in 
nature, with little variation as ‘lignification progresses. The 
behavior of the cytoplasmic material is conspicuous (pl. fig. 0). 
A cross-section of the ovule, under a high power dry lens, shows 
streaks of cytoplasmic material arranged as if they were cross-walls 
in cells. Further examination shows that the granular matter of 
the cytoplasm arranges itself across the cell. The nucleus does not 
disintegrate yet, and seems to play no part at all (pl. fig. 9). In this 
stage the walls are not yet thickened, but thickening is the next 
step. Lignification starts from the inside and gradually proceeds 
outward, a cycadean behavior. Lignitication, however, starts 
faster from the chalazal end than from the apical. The rapidity 
of lignihcation at the chalazal end is probably related somewhat to 
the presence of transfusion tissue at the base of the ovule surrounding 
the bundles. The reticulations of the cells of the transfusion tissue 
(figs. 39, 40) resemble that of scalariform tracheids. One may be 
confused by these cells at the base, but the stone cells can always 
be distinguished from the transfusion cells by the shape. Much 
higher from the base of the ovule, the transfusion cells disappear, 
and leave the stone cells differentiated. Pitting takes place as in 


cycads (pl. fig. 10), and, as in cycads, the pits disorganize and fuse 
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together, leaving a lumen at the center of the cell, and thick walls 
at the periphery. Pores are produced by pits, and forking of these 
pores is quite universal in Ginkgo. 

In a cross-section the stony layer presents two layers as regards 
form of cells; but if the nature of these cells be taken into considera- 
tion, there are three layers. ‘The outermost is thinnest, and the 
cells, although slightly more clongated than the isodiametric cells, 
are practically like them. ‘The innermost are elongated longitudi- 
nally. In longitudinal sections (pl. fig. 11) there are three distinct 
layers in the stony layer. The outermost consists of one row of 
elongated longitudinal cells. Then come several rows of isodiametric 
cells, and in the interior layer the cells are elongated longitudinally. 
Often isodiametric cells are found sandwiched in between these 
clongated longitudinal cells, the reason for which has been presented. 
The innermost layer of the outer fleshy layer does not lignify, and 
this is why the outer fleshy covering peels off very easily from the 
stony seed when the latter is ripe. ‘The outermost cells of the inner 
fleshy layer, on the other hand, have undergone lignification slightly 
and adhered to the stony layer, especially in the basal half of the 
ovule. 

With the exception of free forking in the isodiametric cells, the 
stone cells are practically cycadean in nature. While in Ceralosamia 
the nuclei of the stone cells seem to disappear in old age, in Ginkgo 
they remain undisturbed until the stone cells are completely 
scleritied. The nuclear form very often gives the center of the 
lumen a circular form (pl. fig. 12). In the elongated cells the lumen 
is narrow and well stretched. Small pits are found scattered in 
the thick secondary walls in both types, but more so in the isodia- 
metric cells. 

Coniferales 

The large number of genera and species of Coniferales show 
variations in the structure of the female flower, ranging from ovules 
CXPOS¢ d and devoid of external covering to ovules enveloped by a 
fleshy covering. While the covering is permanent at maturity in 
the last case, the ovules are exposed in the early stages, a situation 
persisting in ovules without the fleshy covering. Studies in this 


order are based on Pinus, Juniperus, and Torreya, one with undevel 
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oped fleshy covering and exposed, and the others with persistent, 
fleshy, and conspicuous envelopes covering the seeds. Pinus 
Banksiana, P. excelsa, P. Laricio, Juniperus virginiana, and Torreya 
laxifolia were investigated. Other species of Pinus and Juniperus 
were examined for comparison only. These species present a simple, 
comparatively narrow integument, which is favorable for a study 
of the origin of the stony and fleshy layers. 
PINUS 

In Pinus the integument starts as a very simple structure, and, 
as in cycads and Ginkgo, its origin is hypodermal, beginning as two 
separate protrusions in a longitudinal section of the ovule, on both 
sides of the nucellus (fig. 41). As in cycads and Ginkgo, the nucellus 
appears first, but is overtaken very soon by the integument. ‘The 
development of the integument from such a hypodermal layer until 
it exceeds the nucellus is similar to that in cycads. The develop- 
ment in cycads and Ginkgo is peculiarly a nastic movement, but in 
Pinus it is different. In young stages (fig. 41), before the megaspore 
mother cell is formed, the integument grows erect, and, as in cycads 
and Ginkgo, is at first homogeneous. In young stages it is composed 
of three rows of cells, two epidermal and the one at the center, the 
cells responsible for the formation of the different layers of the 
integument. The development of the integument from such a stage 
is accomplished by periclinal divisions, resulting in two homogeneous 
layers of cells. At the apex (fig. 41) the two mother cells. still 
remain. The cells are more or less squarish and somewhat isodia- 
metric. Following the periclinal divisions there are anticlinal divi- 
sions, the cells of the epidermis dividing most of the way anticlinally. 
The cross-section (fig. 42) is a replica of the longitudinal section. 
The cells are practically the same in size and are isodiametric. The 
walls adjacent to the outer epidermal cells are somewhat thickened. 

The integument continues growing, and the tips show signs of 
bending inward (fig. 43). At this stage the outer row of cells has 
divided both anticlinally and periclinally, giving rise to long rows of 
prismatic cells; while the cells of the inner row of the integument 
remain dormant at this stage, so far as periclinal division is con- 
cerned. In the meantime the tip of the integument shows no 








1925] QUISUMBING—SEEDS OF GYMNOSPERMS 103 


appreciable change; but a little later (fig. 44) periclinal division of 
the outer row of cells has taken place, the basal portion of the inner 
row remaining dormant and showing the beginnings of the differentia- 
tion of the outer and inner fleshy layers of the integument. The 
apical portion begins to show centripetal elongation. This behavior 
is preparatory to the bulging of the apex of the integument to close 
the micropyle, after pollen grains have reached the top of the 
nucellus. When the megaspore mother cell is formed, the outer and 
inner fleshy layers differentiate, and also show an increase in width. 
The left and right ‘arms’ (seen in longitudinal section) of the integu- 
ment occasionally show inequality of growth (fig. 45a). The tip of 
the integument nearest the ovuliferous scale curves somewhat, while 
the other one grows erect. Usually, however, the two “arms” grow 
parallel to each other (fig. 47a). A marked differentiation of the 
outer and inner fleshy layers soon appears (fig. 45), the outer being 
denser in cell contents, and with an abundance of resin, which is often 
so dense as to obscure the cell walls. The inner fleshy layer has 
lighter cells, however, with less cell contents, and the nuclei of the 
cells are very conspicuous. Periclinal divisions in both layers are 
evident. There are now four layers of isodiametric cells belonging 
to the outer fleshy layer. The inner fleshy layer cells are character- 
ized further by being clongated longitudinally (fig. 45). Fig. 46 
shows that belated condition in the development of the inner fleshy 
layer sometimes occurs. There is one distinct layer and the be- 
ginnings of the second layer in the inner fleshy layer, and the outer 
fleshy layer has undergone some differentiation. The beginning of 
the stony layer (fig. 46, S) is the result of anticlinal divisions of the 
innermost cells of the outer fleshy layer. As in Ginkgo, it shows that 
the stony layer originates from the innermost cells of the outer fleshy 
layer. 

Like cycads and Ginkgo, the development of the embryo sac is 
also coincident with the development of the tissues of the integu- 
ment. When the megaspore mother cell begins to divide, the stony 
layer, as well as the other layers on both sides, also develops. The 
tips of the integument have become nearly adnate (fig. 47a). 

A further development of the stony layer (s) shows an increase 
in width, and although all cells are rather irregular in form, they are 
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generally isodiametric. The inner fleshy layer also keeps pace with 
the development of the other tissues of the integument. Three 
layers are now definitely formed, and there is the beginning of the 
fourth layer. While the embryo sac is in the free nuclear stage (figs. 
iS, 48a) the stony layer develops rapidly, the method of develop- 
ment being practically as in Ginkgo. ‘The isodiametric cells are 
developed in the inner layer of the stony layer, but of course not as 
sharply isodiametric, because some cells are somewhat squarish. In 
eveads the isodiametric cells are developed on the exterior first, and 
have centrifugal development. ‘The development of the inner fleshy 
layer affects, as in former cases, the innermost cells of the stony 
layer. ‘These, by virtue of their position and proximity to the inner 
fleshy layer, clongate also (lig. 48). The inner fleshy layer cells are 
large and elongated longitudinally. The differentiation of stony 


cells continues to proceed outward and invades the outer fleshy 


Pics. 41-51.—Vigs. 41-44, Pinus Banksiana: fig. 41, median longitudinal section 
of young ovule before pollination and formation of megaspore mother cell, showing 
details of arm of integument; micropyle open; integument still undifferentiated, x 1 
fig. 42, transverse section of ovule of same age as fig. 41, showing homogeneous nature 

integument, X195; fig. 43, median longitudinal section.of integument, showin, 
early division of outer row of cells of undifferentiated integument, «166; fig. 44, 


median longitudinal section of integument, showing enlargement and elongation of 
| 


ical cells before closing of micropyle, 195; figs. 45a-47, P. excelsa: fig. 45a, diagran 


of median longitudinal section of ovule, showing unequal arms of integument; mega 


spore mother cell already formed, X27; fig. 45, portion of arm a in fig. 45a, showing 


early differentiation of outer and inner fleshy layers, & 195; fig. 46, portion of integu 
ment from median longitudinal section of ovule, showing belated condition of inner 
fleshy layer and early beginning of stony layer (s); stony layer originating from outer 
fleshy layer, 195; fig. 47a, diagram of median longitudinal section of ovule, showing 
two equal arms and stage when micropyle is closed, 27; fig. 47, portion of integu 
nent in fig. 47a, showing three rows of cells of inner fleshy layer, beginning of fourth, 
ind developing stony layer, 195; figs. 48a-so. P. Banksiana: fig. 48a, diagram of 
edian longitudinal section of ovule cut parallel to flat surface in free nuclear stage, 6 
45, portion of integument in fig. 48a, showing 2 or 3 rows of cells of outer fleshy 
layer, very distinct thick stony layer, with transitional stages, and inner fleshy layer, 
fig. 49, portion of integument in median longitudinal section of ovule cut per 
pendicular to flat surface, with 3 or 4 rows of inner fleshy layer cells, thick stony layer, 
and only one row of cells of outer fleshy layer, X195; fig. 50, portion of integument in 
nedian longitudinal section of ovule, when archegonium is formed, showing consider 
iy layer, X 195; fig. 51, P. Laricio: apex of integument in median longi 
tudinal section, showing disappearance of inner fleshy layer in this region, profuse 


clopment of stony layer, and only one row of cells of outer fleshy layer, X 105. 
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layer. Practically, at maturity, we have two or three layers belong- 
ing to the outer fleshy layer. 

Sections made at different planes reveal different situations in 
the outer fleshy layer. If a longitudinal section is made parallel to 
the flat surface of the seed (fig. 50), a considerable outer fleshy layer 
is present. A section made perpendicular to the flat surface of the 
seed, however, shows a very little outer fleshy layer, often only one 
or two layers (fig. 49). In the mature seed of Pinus Laricio the 
outer fleshy layer is reduced to a thin dry membrane, but it does not 
lose its character of being made of several layers. 

In cycads two systems of vascular bundles are present in the 
integument, one on the outside of the stony layer and the other on 
the inside. In Ginkgo the outer vascular system has disappeared, 
and this disappearance has resulted in a variation in the development 
of the stony layer. In Pinus both the inner and outer sets of 
vascular bundles have disappeared from the integument. This dis- 
appearance of the vascular system is interesting to note, and might 
throw some light on questions which will be discussed later. One 
conclusion which can be reached here is that lignification of stone 
cells is independent of any vascular bundle. The inner fleshy layer 
in Pinus has generally four layers of cells, but a fifth may occur. In 
a ripe seed it becomes reduced to a thin brown layer. While the 
middle and basal portions show such behavior, the apical region is 
also worth noting. The cells divide periclinally (fig. 51), but some 
remain elongated transversely. The inner fleshy layer disappears 
at the apex of the integument, while the outer fleshy layer shows its 
limits (fig. 51). The rest differentiates into isodiametric stone cells. 
In cycads and Ginkgo these apical cells of the stony layer become 
very much elongated longitudinally, as the inner fleshy layer. 

While the characteristics of lignification are shown fairly well in 
cycads, the methods in Pinus are more conspicuous in the early 
beginnings than in either cycads or Ginkgo. No tannin or resin is 
present in the cells at this stage, but very early the outer fleshy layer 
becomes rich in resin, which seems to disappear at maturity. How 
the young unsclerified cells have used the resin is not known. Ina 
stage of the ovule when the female gametophyte is already formed, 
the stony layer is distinguished from the other layers by the denser 








1925] QUISUMBING—SEEDS OF GYMNOSPERMS 167 


contents of its cells. These cells are practically filled with cytoplasm 
more or less homogeneous, with very conspicuous and well organized 
nuclei. This is the situation at the middle region of the seed, but 
at a little higher level the cytoplasm becomes vacuolated (pl. fig. 14), 
and at the apical portion still more so. The dense portions around 
the vacuoles are made of different sizes of granular matter of un- 
known chemical composition. The writer is not now able to deter- 
mine the morphological or chemical nature of these granules. Some 
of the nuclei of the cells begin to show a disorganization by the 
rupture of the nuclear membrane, allowing the nuclear material to 
ooze out. Cells have become pitted, while the nuclei are unchanged 
in a much higher level (near the apex of the integument) where 
lignification has started. The walls of the cells are thin, while those 
much higher are thicker (pl. figs. 14,15). The thickening has begun 
to take place ahead of the pitting stage. While vacuolation is 
prominent here, the peripheral portion of the cells is more or less 
homogeneous, but rather dense. In these dense regions certain dark 
spots are observed, and between the dark spots pores are developed. 
The rest of the pitted mass seems to be connected with these dark 
spots, but the nature of the dense and thickened spots was not deter- 
mined. From this stage pitting proceeds, and the process from this 
point is like that of cycads and Ginkgo. The mode of lignification is 
identical with that in cycads, starting from the micropylar end of the 
integument and proceeding downward. The chalazal development 
is rather belated, but also has a tendency to work upward. The 
innermost cells of the stony layer lignify first, and the process gradu- 
ally proceeds outward, a replica of the cycad situation. While this 
is true, Pinus offers some puzzling variations from other types 
studied. In cycads and Ginkgo the stone cells in the ribs lignify also, 
are isodiametric, and have the same sculpturing as the ordinary 
outermost stone cells of the stony layer. In Pinus, however, cells 
in the ribs lignify and thicken, but the structure and sculpturing are 
entirely different (pl. fig. 16). The cells are isodiametric, but are of 
the smooth, simple sclerenchyma type, resembling bast fibers. In 
the young stages these rib cells are as thin as any outer fleshy layer 
cells, but generally without nuclei. Later they differ from the outer 
fleshy layer cells by acquiring double walls. These walls thicken 
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later like any sclerenchymatous cells of secondary wood, with no 
such cytoplasmic complexity as is seen in the case of stone cells. 
The ripe seeds split into two equal parts at these ribs, as is also true 
in two-ribbed seeds of Ginkgo. In a section parallel to the flat 
surface of the seed this is the structure that gives the appearance of a 
rather thick outer fleshy layer. Undoubtedly the rib cells belong to 
the outer fleshy layer. The nature of ribbing is very conspicuous 
here, and the ribs have no connection with the stony layer, while in 
cycads and Ginkgo these ribs are part of the stony layer. 

In cyeads and Ginkgo all cells of the innermost layer of the stony 
layer lignify and have practically the same structure, with little 
difference in the final sculpturing. In Pinus, however, all cells of 
the stony layer do not lignify, some in the outer layer remaining thin 
walled, and even the peripheral part of the walls of the already 
lignitied stone cells does not lignify (pl. fig. 16). The cause of this 
behavior is not known, but the absence of bundles of any kind in the 
integument must be responsible for such variations. The origin and 
development of the stony layer in Pinus are much simpler than in 
the groups so far studied, but the nature of the stony layer in ripe 
seeds is complex. In cross-section (pl. fig. 16) the epidermis is 
thickened on the outside with a well formed cuticle. The two rows 
of outer fleshy layer cells are flattened, but they do not disappear 
as has been reported. Within the outer fleshy layer cells there are 
unlignified layers, usually two in the case of Pinus Laricio. This is 
a situation not met in any of the cycads or Ginkgo. These layers of 
thin walled cells belong to the stony layer. Within these thin walled 
cells we find the lignihed cells of the stony layer. In a cross-section 
there are three types of cells. The outermost ones are U-shaped, 
with the outermost part of the peripheral walls unlignitied; the 
middle layer is composed of the common isodiametric cells; and the 
innermost layer is composed of elongated longitudinal cells. The 
sculpturing of these lignified cells is the same as in Ginkgo, with 
fewer pits. Ina longitudinal section of the seed, the two or three 
layers of the outer fleshy layer are more or less conspicuous, and the 
rest of the cells within are like those in the cross-section. The inner- 
most lignified cells of the ribs are peculiar, with the innermost 
walls not thickened, and half-moon shaped, with tips connected 


(pl. fig. 16). 
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JUNIPERUS 

The origin of the integument of Juniperus is analogous to that 
of Pinus, two protrusions, as seen in longitudinal section, coming out 
from the base of the nucellus (fig. 52)... There is only one integument 
present, with an aril on each side (figs. 78, 79). As in Pinus, the 
integument is at first a homogeneous structure. The development 
of the integument, except at the apex, follows the same course as that 
described for Pinus. The apices of the two arms of the integument, 
as seen in longitudinal section, are far apart in the young ovule 
before pollination. In Juniperus the epidermal cells elongate cen- 
trifugally. In general the two arms, as seen in longitudinal section, 
dovetail together, but occasionally the arms meet in a straight line. 
‘| he elongated epidermal cells do not divide periclinally, but retain 
the undivided type. When lignification starts in, these cells lignify 
first (fig. 57a). 

Phe development of the integument is similar to that of Pinus. 
We have here also a variation common to Pinus, that often the 
two arms, as seen in the longitudinal section of the integument, are 
of unequal height and thickness. The twisting effect of one arm of 
the integument common in Pinus is not found here. The integu- 
ment is homogeneous (fig. 52, left arm). In Pinus the outer and 
inner fleshy layers differentiate early at this stage, in the density 
and form of the cells. The right arm, however, shows at the bases 
of the integument the outer and inner fleshy layers differentiated. 
At the apex, where clongation of epidermal cells takes place, the cells 
are still homogeneous. At a little older stage, a week after pollina- 
tion, when the primary nucleus of the pollen grain has divided, the 
epidermal] cells clongate to close the micropyle. The epidermal cells 
below the swollen tip on both sides of the integument are filled with 
resin material which stains deep violet to red with the safranin, 
gentian violet, gold orange stain. The cells of the inner fleshy layer 
continue dividing periclinally, forming layers of parallel elongated 
longitudinal cells, a character which distinguishes the inner from the 
outer fleshy layer at this Stage. The cells of outer fleshy layer 
also divide, but divisions are diagonal and anticlinal rather than 
periclinal. The outer fleshy layer shows the characteristic vertical 
and inclined walls (hg. 54), but the cells at the base of the integu 
ment are stretched. The two rows of cells (epidermal and subepi 
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dermal) on the outside and also the inner epidermal cells are very 
densely impregnated with contents. Judging from this nature of 
the cells, the stony layer differentiates en masse, and the outer 
fleshy layer is limited to one layer only, adjacent to the epidermal 
cells. ‘The outer fleshy layer of one row of cells is very marked in 
old ovules. 

When the fleshy covering of the seeds grows and incloses the 
seeds, the stony layer also develops rapidly. ‘The inner fleshy layer 
develops with parallel clongated longitudinal cells (figs. 55, 55a). 
The female gametophyte is in the free nuclear stage at this time. 
The innermost cells of the stony layer are isodiametric and the others 
are squarish. As the ovule develops (tig. 57a), the other layers of 
the stony layer stretch somewhat to elongated Jongitudinal cells 
(fig. 56); the other layers of cells continue dividing, and, although 
isodiametric cells are common, many are stretched transversely or 
with diagonal walls, especially near the apical region (fig. 57). The 
tip above the swollen region has three or four rows of cells in longi- 
tudinal arrangement, which remain as a needle-like structure at old 
age (fig. 56a). The outer fleshy layer is wider at the base of the 
integument, sometimes three or four layers of cells thick. There are 
also fewer cells with vertical or diagonal walls, the cells being mostly 
isodiametric and very much smaller than the isodiametric cells found 
above, or at the middle of the integument (fig. 58). 

Fics. 52-58.—Juniperus virginiana: fig. 


/ ire 52, median longitudinal section of ovule, 


showing two protrusions of integument, with undifferentiated tissue, X166; fig. 


median longitudinal section of ovule, showing interior epidermal cells of integument 


bier) 


elongating in process of closing micropyle, much older stage than fig. 52, X 166; fig 


54, portion of integument in median longitudinal section, showing early differentiation 


of outer and inner fleshy layers, X 195; fig. 55a, diagram of median longitudinal section 
of ovule, showing left arm of integument, <6; fig. 55, portion of left arm of integument 
in fig. 55a, showing one row of cells of outer Neshy layer, well developed stony layer, 
and inner fleshy layer, X 105; fig. 56a, diagram of median longitudinal section of ovule, 
showing region a, 6; fig. 56, portion of integument a, fig. 56a, showing elongated 
longitudinal cells of inner fleshy laver, very thick stony layer, and one row of cells of 
outer fleshy layer, X 195; fig. 57a, diagram of median longitudinal section of mature 
ovule in process of lignification, X12; fig. 57, details of b, fig. 57a, showing inner fleshy 


layer, isodiametric and clongated transverse cells of stony layer, and outer fleshy layer 
limited to one row of cells; also trend of lignification of cells, X 166; fig. 58, details of 


1, fig. 57a, taken near base of ovule, showing type of stone cells, which are still parenchy- 


matous, X 100, 
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Lignification sets in at the time of the early formation of the 
archegonium initial. The elongated transverse epidermal cells of 
the tip lignify first, then the cells below them (fig. 57). Lignitfication 
starts from the outside and moves inward, from thé apical region 
downward (tig. 57). The basal stone cells are belated (fig. 58). In 
old age one layer of the outer fleshy layer is recognizable (fig. 57) and 
is unlignified. The early stages of lignification are similar to those 
already described, with one exception. While pitting is quite 
universal in all genera studied, in Juniperus it is absent. ‘The 
reticulated stage is the most prevalent and the most conspicuous. 
As in the other genera, the thickening of the walls is the first step; 
then reticulations come in. The absence of pitting in these stone 
cells seems to be related to the nature of the stone cells. In Juni p- 
erus they are rather simple (pl. fig. 17). While pores are present, 
they are fewer in number, simple in sculpture, and not forking. The 
thick walls show scattered and cut striations, not continuous 
throughout, and they have a few canaliculi. Both longitudinal and 
transverse sections of the old ovules with hard stony layer were 
examined and appear cycadean in nature, except the transverse 
inclined walls of the middle layer of the stony layer. The presence 
of fiber-like cells within the stony layer might be confused with the 
stony layer. Careful study of these cells shows that the fibrous 
cells, packed as they are, and with somewhat thickened walls, are 
the compressed, parallel clongated, longitudinal cells of the inner 


fleshy layer. They stain green and the stony layer red with safranin 
and light green stains. 

Gnetales 

GNETUM 


A study of the Gnetales is indispensable in this work. It not 
only affords excellent material for comparison, but also for critical 
study regarding the true nature of the female flower, and especially 
regarding the morphology of the envelopes. While the female 
flowers of Cycadales, Ginkgoales, and Coniferales have been the 
subject of extensive and intensive studies, the Gnetales, although 
comprising but three genera, have assumed great importance because 
of a possible relation with the angiosperms. Naturally the Gnetales, 


especially Gnelum, have received very critical consideration. 
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Despite the voluminous literature now available, the stony layer, its 
origin, development, and nature have not received much attention. 
The stony layer has been valuable in the interpretation of other 
tissues of the ovules in the preceding groups, and so the Gnetales 
were included in these studies. The female flower of Grelum has 
two integuments, an outer and an inner one. The outer fleshy 
covering may be called the “perianth.” 

The integuments of the ovule show structures and variations 
which will require comparative and more critical studies. In 
various species of Guelum the nature of the integuments is different, 
some having the outer integument adnate to the perianth, others 
separated ; in some the outer integument is adnate to the inner 
integument half the length of the ovule, and others adnate at the 
base only. It is to be regretted that many species previously 
studied are not within my reach at this time. For young stages 
until the lignification stage, ovules of G. Gnemon were studied. ‘The 
origin of the integuments has been studied by many botanists in 
conjunction with morphological studies of the female gametophyte. 
There are three views regarding the origin of the integuments. The 
diversity of opinion is probably due to the many species studied, or 
to variations in the same species. The writer has found that even 
in the same species the origin of the integuments varies. In G. Gue 
mon the perianth is developed first in the life history. The growth 
of the integuments is basipetal (fig. 59a). Near the base of the in 
ner integument some cells become specialized, first by enlarging and 
then by dividing periclinally (fig. 59). The development of the two 
arms (longitudinal section) of the outer integument is not simultane 
ous; one arm grows faster than the other (figs. 59, 60), and the un 
equal length of the arms is evident even in the old ovules. After the 
periclinal division the cells seem to twist, and the first visible sign 
of separation of the outer from the inner integument is the presence 
of a crack, which is formed by the tendency of the outer integument 
lo grow outward. It is evident that the outer integument arises 
from the basal portion of the inner integument (figs. 60-62). After 
the first sign of separation the cells divide radially, in a more or less 
periclinal direction. While the basal cells of the inner integument 


become dormant, the cells of the juvenile outer integument grow 
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very rapidly (fig. 62). Morphologically the outer integument 
belongs to the inner integument, judging from its origin; but later 
in its ontogeny the two integuments separate. 

The development of the inner integument will not be considered 
in this discussion, except that it grows out as the micropylar tube in 
old age. The development of the outer integument and its nature 
in the mature stage will throw more light on the interpretation of the 
number of the integuments. While the growth succession of the 
integuments in the case of Guelum Gnemon is basipetal, somewhere 
in the life history, after the megaspore mother cell is formed, a 
belated condition of the development of the inner integument may 
be observed (fig. 63). This variation, although not very uncommon, 
has probably led SrRASBURGER, Lorsy, and THOMPSON to advance 


Pics. s9a-71.—Gnelum Gnemon: fig. 59a, diagram of median longitudinal section 
of young ovule in early development of outer integument (07) from basal region of inner 


integument (77); perianth (p) covers ovule, *13; fig. 59, details of b, fig. 59a, showing 


/ - 


origin of outer integume nt, X 502; fig. 00, details of a, tig. soa, showing early develop- 
ment of outer integument; note mode of splitting, X502; fig. 61, portion of median 
longitudinal section of ovule, showing inner and outer integuments; much older stage 
than fig. 60, X 3 > hg. 02, portion of median longitudinal section of ovule in me gaspore 
mother cell stage, showing inner and outer integuments; much older stage than fig. 61, 

fig. 63a, diagram of median longitudinal section of ovule, showing much more 
developed outer integument, X27; fig. 63, outer integument in a, fig. 63a, showing 
type of cells and their development, X 300; fig. 64a, diagram of median longitudinal 
section of ovule, showing ordinary type of development of integuments, X 27; fig. 64, 
outer integument in fig. O4a (a), showing early differentiation of outer and inner regions 
of integument, X 300; fig. 65, portion of transverse section of ovule in very early free 
nuclear stage, showing cells of outer fleshy layer with calcium oxalate crystals, and 
inner region of outer integument, 195; fig. 66a, diagram of median longitudinal sec- 
tion of ovule in free nuclear stage, showing outer integument, X 27; fig. 66, outer integu- 
ment (07 in fig. 66a), showing clongated longitudinal cells of inner region and early 
beginning of isodiametric cells, X 195; fig. 67, outer integument near base of ovule 
(fig. OSa), showing differentiation of outer fleshy and stony layers, X 300; fig. 68a, dia- 
gram of median longitudinal section of ovule with inner and outer integuments, X13; 
fig. OS, apex of outer integument in fig. OSa (a), X 106; fig. 69a, diagram of upper half 
of median longitudinal section of ovule, showing region a, where details in fig. 69 were 
taken, X6; fig. 69, apex of outer integument in fig. 69a (a), showing beginning of differ- 
entiation of two layers of stony layer, X 166; fig. 7oa, diagram of upper half of median 
longitudinal section of ovule, showing regions a and / of outer integument, X06; fig. 70, 
outer integument near apex in fig. 7oa (a), showing further development of innermost 
layers of stony layer, X 106; fig. 71, details from 6, fig. oa, showing similar differentia 


tion as in fig. 70, and also some cells of outer fleshy layer without cross-walls, X 195. 
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the view that the integuments develop in acropetal or centripetal 
succession. ‘The most usual way, however, is basipetal (fig. 64). 
The early development of the outer integument is complex. The 
cells are rather isodiametric, but signs of parallelism of cells may be 
distinguished very early (fig. 62). Although the development of the 
outer integument has been investigated by several botanists, a 
detailed account of the development of the outer integument is 
lacking. The cells of the outer integument are isodiametric at first, 
but soon show the parallel elongated type common in the Coniferales 
(fig. 64). ‘There is no inner fleshy layer of the outer integument. 
The outer integument differentiates as an outer fleshy layer and an 
inner region which later will become the stony layer (fig. 64). As in 
the case of all of the species studied, the apical portion shows slow 
progress in the differentiation to outer fleshy layer and the inner 
region. In cross-section (fig. 65) the homogeneity of the tissue is 
quite evident. Cells are generally isodiametric, while the innermost 
cells become later the palisade and fibrous layer, ditferentiated here 
as a single layer of cells more or less elongated and with rather scanty 
contents. The outermost subepidermal layer is characterized by the 
presence in each cell of calcium oxalate crystals. As the outer 
integument grows in both length and diameter (much more rapidly 
longitudinally), all cells become practically parallel, except a few in 
the outer region. ‘The first step in the differentiation of the fibrous 
layer is the anticlinal division of the cells (figs. 66, 66a). A more 
detailed study of this differentiation, when the female gametophyte 
is in the free nuclear stage, is seen in fig. 67, where the fibrous layer 
has divided anticlinally and the palisade region is beginning to 
divide in a similar direction. ‘The trend of such activity is acropetal. 
While the cells of the base react in that way, those at the apical 
region begin to enlarge slightly, with anticlinal and radial divisions 
(figs. 68, 68a). The apical growth becomes active when the ovule 
assumes a larger size (fg. 6ga), and differentiation of the outer fleshy 
region and the stony layer takes place. The fibrous layer of the 
stony layer differentiates from the rest of the elongated longitudinal 
cells by anticlinal and radial division (fig. 69). The cells adjacent 
to this layer toward the outside are still elongated longitudinally, but 


in the mature stage will become the palisade layer. Further develop- 
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ment of the apex of the outer integument leads to further differentia- 
tion of its various cells (fig. 70a). At the tip, two-thirds of the outer- 
most cells enlarge enormously and also elongate. The innermost cells 
continue dividing anticlinally, and the next layer of thin elongated 
longitudinal cells shows beginnings of anticlinal division (fig. 70). 
Somewhere near the base and the middle region the cells of the 
elongated longitudinal type divide anticlinally. The beginning of 
the anticlinal division of the elongated longitudinal cells toward the 
formation of the isodiametric type cells of the stony layer is well 
marked (fig. 71). The innermost layer of the stony layer is the first 
to differentiate, first into the isodiametric type and then to the elon- 
gated longitudinal type at maturity. The formation of the palisade 
type cells of the stony layer is belated. Incidentally, while all this 
is taking place, dissolution of the cross-walls of some cells of the 
outer fleshy layer of the outer integument is quite common (fig. 71). 
The vascular bundle of the outer integument traverses the stony 
layer outside of the palisade region, in the isodiametric type region 
lig. 72). No vascular bundles are present in the young ovules, but 
they appear soon in the mature ovules before the formation of the 
palisade layer. 

Phe next step in the development of the outer integument is the 
formation of the isodiametric cells of the outer fleshy layer and those 
of the outer layer of the stony layer (fig. 73). The palisade layer is 
formed by anticlinal division of the parallel elongated longitudinal 
cells within the subepidermal layer, which is the last to mature. 
Very often the cells divide periclinally and form two to four rows of 
cells (fig. 74), but occasionally there is only one row, with cells failing 
to divide periclinally. In Gretum Gnemon the subepidermal cells do 
not clongate longitudinally (figs. 75, 76, 76a). The cells of the outer 
Neshy layer of the outer integument elongate transversely. At the 
apex the cells are somewhat irregular in shape, although a more or 
less isodiametric form is quite common on leaving the apical region 
and pre ( eeding downward. The stony laver below level ad (fig. 75a) 
is differentiated into three distinct layers, the isodiametric layer 
outermost, the palisade layer in the middle, and the fibrous layer 
innermost, 


Lignilication does not start at the very tip of the outer integu- 
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ment, but begins somewhere near the base of the tip and proceeds 
downward (figs. 76, 76a). The chalazal lignification is very much 
belated. In the mature ovule, however, lignification extends to the 
very tip. Lignification starts first in the outer walls of the palisade 
layer (fig. 77) and not in the fibrous zone; then the side walls of the 
palisade layer lignify, and the process extends outward to the isodia- 
metric cells. Lignification of the innermost fibrous layer of the 
stony layer is simultaneous with lignification of the outer walls of 
the palisade cells. The fibrous layer is generally five-angled at the 
tip. Lignification of the inner epidermal cells is rather belated and 
comes last in the history (pl. fig. 18). The method of lignification 
is identical with that of Pinus. 

There are three distinct layers of cells belonging to the stony 
layer. In the case of Gnetum Gnemon there are three or four layers 
of isodiametric cells. Sometimes there are but two, but never less. 
There are five or six pores in each cell, and these pores connect with 
the adjacent cells. The pores are simple, and not forking, and rather 
enlarged and club-shaped at the ends adjacent to the middle 


Pics. 72-80.—Figs. 72-77, Guelum Gnemon: fig. 72, portion of outer integument in 
median longitudinal section, taken at middle, showing vascular bundle traversing stony 
layer, differentiation of different layers of stony layer, and beginning of isodiametric 
cells; from ovule 6,253.5 mm., X195; fig. 73, portion of outer integument in trans- 
verse section, showing perianth (f) on outside and various layers; stony layer shows 
early differentiation of isodiametric cells, palisade layer, and fibrous layer before divid 


ing periclinally, X 195; fig. 74, portion of outer integument, showing more developed 
stony layer with several rows of isodiametric cells; palisade and the fibrous layers well 
differentiated, & 166; fig. 75a, diagram of upper half of median longitudinal section of 


ovule, showing region a of outer integument, X6; fig. 75, apical region of outer integu 


ment of ovule in fig. 57a, showing type of cells, X 160; fig. 76a, diagram of upper half 
of median longitudinal section of mature ovule, showing region where details in fig. 76 
were taken, 6; fig. 76, details of a, fig. 76a, showing start and trend of lignification; 
two cells above showing pitting stage and those below vacuolated stage on way to pit- 
ting, 166; fig. 77, transverse section of portion of stony layer, showing few isodia- 
metric unlignitied cells, palisade cells beginning to lignify, and fibrous layer, < 166; 
fig. 78, Juniperus virginiana: diagram of median longitudinal section of young ovule, 


showing basal sterile bracts ()), fertile bract (b') which later covers ovule, undeveloped 
bract (62) often called aril, and single integument (7), X12; fig. 79; I virginiana: dia- 
gram of median longitudinal section of young ovule about same age as in fig. 78, with 
same parts, except that portion of aril (0?) has developed somewhat, X12; fig. 8o, 
Torreya taxifolia: diagram of median longitudinal section of ovule with envelopes; so- 
called outer integument (6?) nothing but bract comparable with aril of Juniperus, X6 
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lamellae. The inner pores of the isodiametric cells connect with the 
single pores of the palisade stone cells. The cells of the second type 
belonging to the second layer of the stony layer are palisaded. As 
in isodiametric cells, there are radiations, but they are parallel to the 
sides. The third innermost layer of clongated longitudinal cells is 
often two-layered, but three or four layers are not very uncommon 
in the “ fibrous layer.” Radiations in the cells are fewer and simple, 
and in gross examination they appear solid. In the palisade and 
hbrous layer no transverse pores are found. ‘The innermost epi 
dermal cells of the outer integument also lignify, but are rather 


belated in the history. The lumina of the cells are small. 


Angiosperms 


The study of the origin and development of the stony layer in 
angiosperm seeds is very interesting, taking into account the varia- 
tions that this group affords. Realizing the value of the study of the 
stony layer in seeds of angiosperms, the writer will mention the 
subject here, not as a supplement but rather as an introduction, A 
more complete report will follow in the near future. The present 
statement includes preliminary studies on the stony layer in Sassu 
fras sassafras, Quercus velutina, and Prunus pennsylvanica (var. Early 
Richmond). The material of O. velutina was collected on the Uni- 
versity of Chicago campus, and the other two species from Smith, 
Indiana. The collections cover a period of more than a year (two 
summers, two autumns, a winter, and one spring) at weekly inter 
vals. The sequence of genera is according to the nature of the stony 
layer and not phylogenetic. 

The origin of the stony layer depends upon the morphological 
nature of the flower. It may arise from the innermost or outermost 
region in a flower of carpellary nature; or it may arise from the 
interior of a torus, etc. The trend of development is from inside 
outward in case of inward origin; or it may develop from outside to 
inside. ‘The increase in thickness of the stony layer may be due to 
elongation of the cells without division, or may be due to either 
periclinal or both periclinal and anticlinal divisions of the cells. — In 
Sassafras sassafras the origin of the stony layer is epidermal. ‘The 
epidermal cells do not divide, but differentiate later into the stony 
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layer. ‘This is the simplest case studied. In the very young stages 
the stony layer is not differentiated from the rest of the cells, except 
that it is epidermal; but soon, when the megaspore mother cell is 
formed, the innermost epidermal cells of the carpel differentiate by 
increasing in size and by elongation. The megaspore mother cell is 
also differentiated from the other adjacent cells by the presence of 
definite and well marked nuclei, and dense contents. The develop 
ment of the megaspore mother cell is accompanied by the develop 
ment of the stony layer also. Instead of dividing periclinally, as in 
other stony layers, the cells simply elongate. The elongation starts 
from the apical region and proceeds downward (figs. 81a, 81). This 
is very ev ident even before fertilization. In older stages the cells are 
palisaded and unicellular. Lignification starts after fertilization, 
and is quite gymnospermic in nature, pitting being a conspicuous 
stage. In the very old stone cells, pits remain and even thick walls 
remain pitted (fig. 83). The nuclei in the stone cells persist. 
Transfusion cells are present in the integument and extend all round 
the integument (figs. 82,83). The transfusion cells also differentiate 
very early in the life history. Reticulations of the transfusion cells 
appear when the embryo is already formed (fig. 83). The drupa- 
ceous fruit has a fleshy exocarp and a stony endocarp. 

The stony layer of Quercus velulina is as simple as that of 
Sassafras sassa/ras, although slightly more complex than the latter, 
because, instead of being unicellular, the bicellular state is sometimes 
preserved, even in old stone cells. The stony layer is differentiated 
very early also. Instead of arising from the inner region of the 
carpel, the outer subepidermal layer differentiates, first by elongating 


and later dividing periclinally. The cells of the style remain small 
and isodiametric, but at the base at the “wings” they divide pericli 
nally, enlarge, and clongate. The winged condition of the carpel at 


the apical region recalls the situation of the apical region of the arms 
of the integument in Pinus (figs. 84, 84a). The elongation and 
enlargement of the cells have a downward trend. The two rows of 
subepidermal cells are rather squarish and isodiametric at the start, 
but they soon elongate transversely when the flower develops (fig. 
$5). Those within begin to enlarge and often elongate longitudi 


nally. At the base of the ovary several layers of cells of the sub- 
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epidermal layer are homogeneous, small, and often isodiametric. In 
a much older stage (fig. 85) the cells of the wing elongate enormously 
while those below follow. The stony layer is generally two-celled 
in longitudinal section, resulting from periclinal divisions in the 
young stage; but in the mature stages the cross-walls disappear, and 
the old stone cells seem to be unicellular as in Sassafras sassafras. 
The mature acorn is composed of a heavily cutinized epidermis, 
stony exocarp, and a fleshy thin endocarp, which later become dry 
and papery. The stone cells at the chalazal region are generally 
jisodiametric. ‘They have smooth thick walls, with no pores or pits. 
Lignification starts from the apical region at the wings and proceeds 
inward (fig. 84). Some cells at the base of the bracts which form 
the cupule lignify also, and show an interesting structure. There 
are enormous branching pores, which resemble some of those in stone 
cells of cycad seeds (fig. 84a). 

Prunus pennsylvanica shows a stony layer with two distinct 
layers. Instead of having a single palisade stony layer, this layer is 
quite differentiated. When the flowers are still in the bud condition, 
in the early formation of the ovules, the stony layer is not differ- 
entiated from the rest of the inner carpellary tissue (figs. 86a, 86). 
[t arises first as a differentiated layer in the innermost region of the 
carpel (fig. 86), the cells being isodiametric and subepidermal in 


Fics. Sra-88.—Figs. 81a-83, Sassafras sassafras: tig. 81a, diagram of median longi- 
tudinal section of young fruit in proembryo stage, showing carpel (c) with epidermis 
which differentiated as stony layer (s), embryo sac (es), integument (/), and husk (/), 
X27; fig. Sr, apical region of fruit, showing stony layer and transfusion tissue in integu- 
ment in very young stage, X 166; fig. 82, apical region of fruit, showing stony layer and 
much more developed transfusion tissue (//), 166; fig. 83, stony layer in median 


longitudinal section, showing nature of stony layer and reticulations in transfusion 


tissue (I), X 300; fig. 84a, Quercus velulina: diagram of a median longitudinal section 
of very young acorn, showing wing and bracts which form cupule (cw), X12; fig. 84, 
Q. velulina: wing in fig. 84a, showing origin of lignification of cells and stony layer; 
cells with nuclei, 166; fig. 85, Q. velutina: endocarp (en) and exocarp (ex); cells with 


nuclei form stony layer and also exocarp, X105; figs. 86a-88, Prunus pennsylvanica: 
fig. 86a, diagram of median longitudinal section of very young flower, showing carpel 
before ovule is formed, X47; fig. 86, details from region a, fig. 86a, showing undifferen- 
tiated carpel and origin of stony layer (s), 195; fig. 87, portion of carpel from very 
much older flower, showing two rows of cells belonging to endocarp (en), X 300; fig. 88, 
portion of carpel from flower much older than fig. 87, showing several layers of cells 


belonging to endocarp, which later become stony layer, X 195. 
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position. These cells soon divide periclinally (fig. 87), and the 
successive divisions make the stony layer a differentiated tissue, and 
incidentally differentiate the exocarp from the endocarp (fig. 88). 
The stony layer at first is undifferentiated, composed wholly of 
isodiametric cells, but as the fruit develops the stony layer also differ- 
entiates. At the apical region the cells are isodiametric, and at the 
middle level the cells are also isodiametric, but some are slightly 
clongating longitudinally. At the base the cells are generally 
isodiametric. Near the periphery of the stony layer they are 
smaller, and larger toward the outer region. In transverse section 
the inner layer of the stony layer is made up of thin, clongated 
longitudinal cells, and the outer layer of rather large isodiametric 
cells. The method of lignification is like that in most gymnosperms. 
Pitting is very conspicuous, and, as in Sassafras, pits are present even 
in the old stone cells. The sculpturing of the walls resembles very 
much that of the cells in pl. fig. ro. Lignification starts from the 
outside and has an inward trend. The outer cells have generally 
thicker walls than those of the inside. The dissolution of the 
cellulose in the exocarp in ripe fruits is very evident, and is changed 
to pectic substances. Whether these pectic substances play some 
role in the lignification and thickening of the walls of the stone cells, 
we are not yet ready to state. 


Discussion 


The stony layer of the seeds of gymnosperms has been a very 
important factor in the interpretation of tissues. The study of the 
stony layer in these seeds showed its origin, development, and 
nature. From this it was possible to solve some of the problems in 
regard to the true nature of the envelopes of the ovule. 

The cupule of Lagenostoma seeds was studied and was compared 
by Sropes (58, 59) to the testa of the cycad ovule. She concludes 
that the cupule of the Lagenostoma seed shows all the features of 
vascular anatomy of the outer fleshy layer of the cycad ovule. 
From this she advanced the view that the outer fleshy layer of the 
cycad ovule is an integument, so that altogether there are two 
integuments. She also noted the point of fusion of the two integu- 
ments. While the vascular situation may throw light, it cannot be 
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used as a criterion. Her failure to Study the stony layer from its 
origin led to an erroneous interpretation. The origin and develop- 
ment of the integument show that it is a single structure beginning 
as hypodermal cells, constituting a homogeneous tissue. The cycad 
ovule has only one integument. LANpb (28), in his studies of 
Ephedra, made a generalized statement that “the tendency in both 
gymnosperms and angiosperms seems to be toward union of the two 
integuments Into one.” There is no doubt that Ephedra and Gnelum 
have two integuments. While this is true, it cannot be inferred that 
other gymnosperm seeds also have two integuments, but that, 
instead of being separated, they are united. Also the presence of 
two integuments cannot be assumed as a primitive character. LAND 
remarked that in Taxineae there are two integuments, and regarded 
the situation as primitive. My studies of the Coniferales (Pinus, 
Juniperus, and Torreva) seem to disprove this view. In Abietineae 
(Pinus) there is but one integument differentiated into three layers, 
an outer fleshy, a stony, and an inner fleshy layer. In most cases 
and in old age the outer and inner fleshy layers are very inconspicu- 
ous, the outer fleshy layer being reduced in thickness to one, two, or 
three rows of cells, and the inner fleshy layer often converted into a 
dry papery membrane. ‘The stony layer is the principal one. 
Studies of Juniperus show that the ovule has one integument. Very 
often at the base of the integument two protuberances are present, 
which have been designated by several botanists as an aril. Occa- 
sionally, however, one of them develops, but never exceeds the 
integument. The occasional development of the aril is interesting. 
and shows that it is nothing more than an undeveloped bract. The 
fleshy covering of the seeds is the bract. This behavior brings us to 
the situation in Taxineae (Yorreya). It is the current opinion that 
Torreya has two integuments. The so-called outer integument is 
belated in growth and has been designated variously as outer integu- 
ment, aril, and epimatium. According to CoULTER and LAND (17), 
the outer integument develops the thick fleshy covering of the seeds, 
while the inner integument differentiates into two layers, the outer 
of which is stony while the inner consists of thin walled cells. This 
is practically the replica of Juniperus features. While the vascular 
bundle situation would give support to the views of these investi- 
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gators, studies of the stony layer in these seeds seem to show that the 
so-called inner integument of Torreya is homologous with the single 
integument of Juniperus. The development of the integument 
tissue closing the micropyle in Juniperus is duplicated by the so 
called inner integument of Vorreya. From this feature and the 
nature of the stony layer it is very evident that Torreya has but one 
integument, the so-called aril in Juniperus, which has developed a 
function different from that of an aril. This is not the case in 
Gnetales. In Gnelum there is no doubt that the outer integument 
originated from the inner. While the integument is single at the 
start, it differentiates later in the life history into two separate 
integuments. 

The cupule of Lagenostoma is really the homologue of a swollen 
portion which appears at the base of some cycad ovules. The stony 
layer is epidermal in origin, with a hypoderm within comparable with 
the inner fleshy layer of cycad or Ginkgo ovules. The peglike out- 
growths of the epidermal walls are nothing but specialized walls, or 
probably the remains of the epidermal walls, and in that case the 
stony layer is hypodermal in origin. The fact that the features of the 
vascular bundle of the cupule of Lagenostoma are identical with those 
of the outer fleshy layer of the cycad ovule should not be too strongly 
urged in support of the view that the two are homologous. The 
situation in Ginkgo follows the same trend. The outer fleshy layer 
of the ovule is devoid of any vascular bundle, which is formed only 
in the inner fleshy layer of the integument. This variation affects 
the origin of the stony layer. Instead of being made of cells of the 
outer and inner fleshy layers, it is composed wholly of cells of the 
interior of the outer fleshy layer. The presence of two bundles in 
the inner fleshy layer and the outer fleshy layer of cycad ovules is 
the result of the forking of the main bundle entering at the base. In 
Ginkgo the bundle failed to fork. The aril or collar of Ginkgo is an 
extra envelope which failed to develop, and is not an integument. 
The cupule of Lagenostoma is the homologue of the collar of Ginkgo, 
the bract of Pinus, the aril of Juniperus, the so-called outer integu- 
ment of Torreya, and the “perianth” of Guetum. In cycads the 
swelling at the base of the ovule, especially in Cycas, may be regarded 
as homologous with the undeveloped aril of Ginkgo. From the fore- 
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going facts, one can establish the continuity of tissues, except in 
Lagenostoma, which has a well developed cupule already. In Pinus 
there is but one integument, and it is unprotected. The collar of 
Ginkgo is the vestige of the cupule of Lagenostoma, and is homologous 
with the bract in Pinus. ‘The integument has no bundles. In Junip- 
erus the development of the envelopes is basipetal. The single 
integument is developed first. ‘The so-called aril is usually inactive 
and undeveloped. The bract develops later and becomes the fleshy 
covering of the seed. The integument, as in Pinus, has no bundles. 
The aril of Juniperus is homologous with the collar of Ginkgo. In 
Torreya there is also but one integument with no bundles. The aril 
which envelops the seed later is homologous with the aril of Junip- 
erus, and the extra bract is homologous with the fleshy covering of 
Juniperus. In Gnetum there are two integuments, the outer origi- 
nating from the inner, and both are provided with bundles. The 
growth of the integuments showing a basipetal succession is inter 
esting to note. The collar of Ginkgo, the aril of Juniperus, and the 
so-called outer integument of TVorreya are homologous with the 
perianth of Guetum. 

The possible relation to the situation in angiosperms is sugges- 
tive. If an homology is possible, the so-called outer integument of 
Torreya and the perianth of Guetum are homologous with the carpel- 
lary wall of the fructifications of Sassafras, Quercus, Hicoria, and 
Prunus. The cupule in Hicoria, Quercus, and Corylus is an extra 
envelope. In Hicoria it is composed of a fused solid bract, while in 
Quercus and Corylus the cupule is composed of bracts. 

The cause of lignification is an unsolved problem, and the process 
of lignification is even more complex. Is the lignitication of the cells 
at a certain region of the integument due to difference in water 
content in the cells, to diffusion of colloids, or to the transformation 
in the stone cells of one chemical substance into another 2? While no 
extensive experiments have been made to determine these various 
factors, an attempt will be made here to interpret the method of 
lignification, with the help of anatomical evidence. The decrease of 
water content in the stone cells in old age is probably related to the 
lignification of cells. In very young stages the cytoplasmic mate- 
rials of the stone cells are homogeneously scattered. The develop- 
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ment of the stone cells is accompanied by an increase in granular 
matter in the cytoplasm of the cells, not only in size but also in 
number. Ordinarily the dense part of the cytoplasm is observed 
near the walls, where the material is piled. Vacuolation, the second 
stage, is probably due to the diminution of water content and to the 
aggregation of the granules. Vacuolation is a very effective phase 
during lignification. After the vacuoles are fully formed, the 
granules seem to disappear as the tissue again appears homogeneous. 
Pitting is quite common in some cases, but in others it is altogether 
absent, and in still others it remains as a feature of the adult stone 
cells. 

Various views as to the nature of the lignin have been proposed. 
The old idea is that lignin is cellulose encrusted with some substance. 
Miss ECKERSON remarked, in one of her lectures in plant micro 
chemistry, that on hydrolysis of lignin a number of aromatic fatty 
acids are obtained. She thought that lignin is an ester of cellulose 
and aromatic fatty acid. In the ascospore of Pesisa the young spore 
wall is formed from the plasma membrane. The piling of dense 
protoplasm in early lignification may be called ‘“Hautschict.”’ 
When the precipitate is a pectic substance, that substance is trans- 
formed to another layer of cellulose. These different layers of 
cellulose later become lignified, and the striations seen in the thick 
walls are nothing but these layers of cellulose piled on the original 
cellulose walls. These walls are properly formed by precipitation 
and chemical reaction. ‘The change of cellulose to lignin, according 
to some chemists, is due to an intramolecular change of cellulose. 
This change is very evident in the cherry, where the cellulose walls 
are transformed to pectic substances during lignification and while 
ripening. Whether the pectic substances are again synthesized into 
cellulose and into stone cells, or whether the change is from a hexose 
to a pentose, is difficult to ascertain now. According to THATCHER 
(62) and various others, the cellulose is converted to ligno-cellulose. 
How ligno-cellulose is formed is at present difficult to understand. 
According to all chemical studies, the stony layer is made up wholly 
of lignin, with no trace of chitin, cutin, or suberin. 

In young ovules the integument is green, and is well provided 
with chlorophyll, and in older stages starch abounds; but when 
lignification begins, starch seems to disappear. In Pinus especially, 
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the stony layer is the dense portion before lignification. Whether 
the starch is converted to a hexose sugar, and this later converted to 
a pentose sugar is hard to tell at present. 

In young stages the stone cells are often impregnated with either 
tannin or resin. In Pinus the resin in the stone cells seems to dis- 
appear when the cells lignify. What significance this disappearance 
may have would be a difficult thing to solve. In cycads also some 
stone cells are impregnated with tannin. The fact that tannin 
persists in the cells, even when they are hard and lignified, shows that 
it plays no part in the lignification of cells. Lignification is also 
independent of bundles, since cells lignify in regions where bundles 
are absent. 

The important question is why the development of the stony 
layer is localized in the ovules. It is generally conceived that cells 
lignify to protect the internal organs of the ovule, but why they 
lignify there is not known. No doubt the position of the stony layer 
is phylogenetic and is constant in each group. In all species studied 
lignification starts from the apical end and proceeds downward. 
The only exception to this rule is Ginkgo, in which lignification starts 
at the chalazal end, and this variation is accounted for by the pres- 
ence of transfusion tissue at the base of the ovule. The presence of 
this tissue around the integument of the Sassafras ovule is probably 
responsible for the epidermal origin of the stony layer. So far as 
lam aware, it is the only genus in angiosperms with such a behavior. 
In cycads and Ginkgo the lignification starts from within. In Pinus 
not all cells and walls belonging to the stony layer lignify; the outer 
part of the stony layer remains parenchymatous, while some of the 
cells of the outer lignified layer do not lignify, but become U-shaped. 
The development of lignification is cycadean. Juniperus is like 
Pinus in all respects, with the exception that cells on the outside 
lignify first and then lignification proceeds inward. In Gnelum the 
basipetal mode of lignification is natural, but the middle layer 
(palisade) lignifies first, and the outer and the inner layers lignify 
practically simultaneously. This variation is probably due to the 
chemical condition of the integument, and also to the morphological 
nature of the ovule. In ovules with no extra envelope the lignitica- 
tion from within is universal; but in ovules with a fleshy covering, 


like those of Juniperus and Gnelum, such variation in lignification is 
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evident. In the angiosperm seeds studied the basipetal mode of 
lignification is universal, and that lignification starts from the outside 


and proceeds inward is very evident. 


Summary 


1. The stony layer in seeds of gymnosperms is integumental in 
origin as far as the integument extends, and in the angiosperms 
studied it is carpellary. In cycads both the outer and inner fleshy 
layers contribute to the formation of the stony layer. In Ginkgo, 
Pinus, Juniperus, and Torreya the stony layer originates from the 
outer fleshy layer. In Guetum it originates from the inner region of 
the outer integument. In Sassafras the stony layer originates from 
the interior epidermal cells of the carpel. In Quercus velutina it is 
the exterior subepidermal Jayer that differentiates into the stony 
layer. In Prunus the interior subepidermal layer of the carpel 
divides and forms the stony endocarp. 

2. There are simple and complex stony layers. In cycads the 
stony layer is made up of isodiametric cells and elongated longi- 
tudinal cells. In Ginkgo the situation is the same. In the Conif- 
erales there is the start of the complex stony layer. There are 
isodiametric cells, elongated transverse cells, elongated longitudinal 
cells, and cells partly lignified, and still others with parenchymatous 
cells. In Gnetum Gnemon there are three types of cells; besides 
the two found in cycads, there are also palisade cells. Stone cells 
are pitted and non-pitted; also there are stone cells with pores, 
branching pores, and without pores; and also cells with and without 
striations. In the angiosperms there are also simple and complex 
stony layers. 

3. The direction of the progress of lignification varies according 
to the structure of the ovule. 

4. The chemistry of lignin is very complex, and the nature of 
lignification might best be solved by the aid of morphological data. 

5. The stony layer seemed to be connected with the phylogeny 
of the groups in gymnosperms. In the angiosperms studied further 
investigation will determine the relationship. 


CoLLece or AGRICULTURE 
Los BANOs, Pi. 








I. 


nN 


10. 


OUISUMBING—SEEDS OF GY MNOSPERMS rQl 


LITERATURE CITED 
\rrourtir, M. B.A. and LA Riviere, H.C. C., On the ribbing of the seeds 
of Gikgo. Ann. Botany 29: 591-595. 1915. 
\rber, Eh. A. N., On some new species of Lugenostomu. Proc. Roy. Soc. 
London B.76:245-2509. 1905; abstract in Ann. Botany 19:326-328. 1905. 
Bayer, A., Zur Deutung der weiblichen Bliiten der Cupressineen nebst 
Bemerkungen iiber Cryptomeria. Beih. Bot. Centralbl. 23:27-44. 1903. 
Beccart, O., Della organogenia dei flori feminei del Guetum Gremon L. 
Nuovo Giorn. Bot. Ital. 7:91-99. 1877. 
Benson, M., The origin of flowering plants. New Phytol. 3:49-51. 1004. 
BeRRIDGE, E. M., On some points of resemblance between Gnetalean and 
Bennettitalean seeds. New Phytol. 10:15-144. 191. 
BERTRAND, C, E., Etude sur les teguments seminaux des végétaux Phanero 
games et Gymnospermes. Ann. Sci. Nat. Bot. VI. 7:61-92. 1878. 
BRAUN, A., Die Frage nach der Gymnospermie der Cycadeae. Monatsber. 
Kon. Wiss. Berlin. 1875. 
Brown, Ropert, Character and description of Aingia, a new genus of 
plants found on the S.W. coast of New Holland, with observations on the 
structure of its unimpregnated ovulum and the female flower in Cyeadeae 
and Coniferae. 1827. 
Burt RWORTH, 2 some further investigations of fossil seeds of the genus 
Lag 
Proc. Manchester Lit. and Phil. Soe. 41:1—4. 1897. 


nostoma (Williamson) from the Lower Coal Measures, Oldham. Mem. 


. Carotuers, J. E., Development of ovule and gametophyte in Gin 


biloba L. Bor. Gaz. 43:116-130. 1907. 


12. CHAMBERLAIN, C. J., The ovule and female gametophyte of Diven. Bor, 
GAZ. 422 321-—356. goo. 

13. , Methods in plant histology. Chicago. 1920. 

14. Cuopat, R., Les Pteropsides des temps paleozoignes Archiv. Sci. Phys. 
et Nat. 26:279-300; 394-416. 1908. 

15. CouLter, J. M., The embryo sac and embryo of Guetum Gremon. Bor. 
GAZ, 40343-49. 1905 

16. CouLTER, J. M., and CHAMBERLAIN, C. J., Morphology of gymnosperms. 
Chicago. 1917. 

17. COULTER, J. M., and LAND, W. J. G., Gametophytes and embryo of Torreva 
faxifolia. Bor. GAZ. 392:161—-178. 1905. 

18. De Haan, H. R. M., Contribution to the knowledge of the morphological 
value and the phylogeny of the ovule and its integuments. Gréningen. 
[Q20. 

19. Micuurr, A. W., Sind die Coniferen gymnosperm oder nicht? Flora 56: 
P41-247; 200-272. 1573. 

20 Coniferae in Engler and Prantl's Natiirlichen Panzenfamilien 


2°: 105. 1550. 








IQ2 


25. 


26 


277. 


28. 


20. 


$2. 


Fo 


34. 
35- 


36. 


37- 


38. 


39- 


40. 


41. 





BOTANICAL GAZETTE [April 


Fuji, K., On the ditferent views hitherto proposed regarding the morphol 
ogy of the flowers of Ginkgo. Bot. Mag. Tokyo 10:15-25; 104-110. 1806. 
GRIFFITH, W., Remarks on Guetum. Trans. Linn. Soc. 22:299-312. 18509. 
Gris, A., Note sur les corps reproducteurs des Cycadées. Bull. Soc. Bot. 
France 13:10-13. 1866. 

Jack, J. G., The fructification of Juniperus communis. Bor. Gaz. 18: 
369-375- 1893. 

KARSTEN, G., Beiteiige zur Entwickelungsgeschichte der Gattung Gnelum. 
Bot. Zeit. 50: 205-215; 221-246. 1892. 

Kersiaw, E. M., Structure and development of the ovule of Bowenia 
spectabilis. Ann. Botany 26:625-646. 1912. 

KuBART, BRUNO, Die weibliche Bluthe von Juniperus communis LL. Sitz- 
ungsber. Kais. Akad. Wien 113:499-527. 1905. 

Lanp, W. J. G., Spermatogenesis and oogenesis in Ephedra trifurca. Bor. 
GAZ. 3821-18. 1904. 

Lance, W. H., Studies in the development and morphology of Cycadean 
sporangia. IL. The ovule of Stangeria paradoxa, Ann. Botany 142281 

306. IQoOO0. 

LicNnrer, L., and Tison, A., Les Gnetales, leur fleurs et leur position syste- 
matique. Ann. Sci. Nat. IX 16:55-185. 1ro12. 

Lotsy, J. P., Contributions to the life history of the genus Gnetum. Ann. 
Jard. Bot. Buit. 1:46-114. 1890. 

, Vortrage tiber Botanische Stammesgeschichte Cormophyta Sipho- 
nogamia 3: Jena. rorr. 

Masters, M. 'T., Review of some points in the comparative morphology, 
anatomy, and life history of the Coniferae. Jour. Linn. Soc. 27: 226-328. 
1Sgo. 

Miguer, F. A. W., Monographia Cycadearum. 1842. 

-, Observationes de lovule et embryonibus Cycadearum. Ann. Sci. 
Nat. III. 3:193-206. 1845. 

, Analecta Botanica, seu commentationes de variis stirpibus Asiae 
Australioris. II. Verhand. Kl. KGn. Nederl. Inst. 4:13-56. 1851. 
Nicuois, G. E., A morphological study of Juniperus communis var. de- 
pressa. Beih. Bot. Centralbl. 25:201-241. 1910. 

Noren, C. O., Zur Entwickelungsgeschichte des Juniperus communis. 
Uppsala Univ. Arsskrift. pp. 64. 1907. 
OLIVER, F. W. On Piysostoma elegans Williamson, an archaic type of seed 
from the Palaeozoic rocks. Ann. Botany 23:73-116. 1909. 
Ouiver, F. W., and Scorr, D. H., On Lagenostoma Lomaxii, the seed of 
Lyginodendron. Proc. Roy. Soc. London 71:477-481. 1903; reprint in 
Ann. Botany 17:625-629. 1903. 

, On the structure of the Palaeozoic seed Lagenostoma Lomaxii, with 
a statement of the evidence upon which it is referred to Lyginodendron. 


Phil. Trans. Roy. Soc. London B. 197: 193-247. 1905. 








1925] QUISUMBING—SEEDS OF GY MNOSPERMS 193 


42. Orriey, A. M., The development of the gametophyte and fertilization in 
Tuniperus communis and J. virginiana. Bor. Gaz. 48:31-46. 1909. 
43. OupEMANS, C. A. J. AL, Cyeas inermis., Archiv. Neérland. 32255-2590. 
1SOS. 
44. Pearson, H. H. W., On the morphology of the female flower of Gnetum. 
Trans. Roy. Soc. S. Africa 6:69-87. 1917. 
45. Preyrirscn, M., Zur Teratologie der Ovule. 1876. 
46. PRANKERD, TT. L., On the structure of the Palaeozoic seed Lagenostoma 
vides Will. Jour. Linn. Soc. 40:461-490. 1912. 
47. Rapais, M., L’anatomie compareé du fruit des Coniferes. Ann. Sci. Nat. 
Bot. VIL. 19: 165-369. 1894. 
48. Renner, Orro, Uber Zwitterbliithen bei Juniperus communis. Flora 93: 
;00. 1gO4. 
40- , Uber die weibliche Bliite von Juniperus communis. Flora 972421- 
50. Sacus, J., Lehrbuch der Botanik. 1868. 
51. SALISBURY, K. J . On the structure and relationship of Trigonocarpus 
Orensts, sp. nov., a new seed from the Palaeozoic rock. Ann Botany 
28:39-S0. 1O14. 
52. Scorr, D. H., Studies in fossil botany. vol. 2. London. 1900. 
53. SEWARD, A. C., Fossil plants. Cambridge. ror. 
54. SeEwarp, A. C., and Gowan, J., The maidenhair tree (Ginkgo biloba L.). 
\nn Botany 14:109-154. 10900. 
55. SHAW, fr. J ., A contribution to the anatomy of Ginkgo bilobu. New 
Phytol. 7:85-92. 1008. 
56. Suiru, F. G., Development of the ovulate strobilus and young ovule of 
Zamia floridana. Bor. Gaz. 50:128-141. roto. 
7. SPRECHER, A., Le Ginkgo biloba L. Genéve. 


ui 


1QOQO7. 

58. Sroprs, MAkteE C., Beitrige zur Kenntniss der Fortptlansungsorgane de 
Cyceadeen. Flora 93:453-482. 1904. 

50. , On the double nature of the Cycadean integument. Ann. Botany 
19: 501-566. 1905. 

60. STRASBURGER, E., Die Coniferen und die Gnetaceen. Jena. 187 

61. , Die Angiospermen und die Gymnospermen. Jena. 1870. 

62. THarcurer, R. W., The chemistry of plant life. New York. 1921. 

63. THopAy, M. G., Anatomy of the ovule and seed in Guetum Gnemon, with 
notes on G. funiculare. Ann. Botany 35:30-53. 1921. 

64. ‘Tnompson, W. P., The morphology and affinities of Gretum. Amer. Jour. 
Bot. 3:135-184. 1916. 

65. TRevuB, M., Recherches sur les Cycadées. Ann. Sci. Nat. Bot. VI. 12:212- 

32. 1881. 

66. VAN Tireciem, P., Anatomie de la fleur femelle et du fruit des Cycadées, 
des Coniféres, et des Gnetacées. \nn. Sci. Nat. Bot. V. 10: 260 304. 1500. 

67. Von Moun, Huco, Uber die mannlichen Bliithen der Coniferen. Verm. 
Bot. Schrift. pp. 45-51. 1845; published as dissertation, 1837. 











1Q4 BOTANICAL GAZETTE {APRII 


68. WARMING, E., Undersogelser og Betragninger over Cycadeerne. Aftryk. 
Oversigter Vidensk. Selsk. Forh. pp. 88-144. 1877. 

69. — , De lovule. Ann. Sci. Nat. Bot. VI. 5:177-266. 1878. 

70. -, Contributiones a Vhistorie naturelle des Cycadées.  Bidrag Cyca- 
deernes Naturhistorie. Ebenda. 1870. 

71. WIELAND, G. R., American fossil cyeads. Publ. 34. Carnegie Inst 
pp. 290. 1900. 

72.———,, A study of some American fossil cyeads. V. Further notes in seed 
structures. Amer. Jour. Sci. V. 32:133-155. IQtt. 

73.———_, American fossil cycads. 2:* Washington. 1916. 

74 


WiLuiAmson, H.S., A new method of preparing sections of hard vegetable 
structures. Ann. Botany 35:139. 1921. 
75 


WittiaAmson, W. C., On some fossil seeds from the Lower Carboniferous 
beds of Lancashire. Rep. 45th Meeting British Ass. 150, 160. 1876. 

76; —— , On the organization of the fossil plants of the Coal Measures. 
Pt. VIII. Ferns (continued) and gymnospermous stems and seeds. Ann 
Mag. Nat. Hist. 18: 268-273. 1876 (preliminary notice); Proc. Roy. Soc. 
London 25:68-75. 1877 (abstract); Phil. Trans. Roy. Soc. London B. 167: 
213-270. 1877 (full paper). 

WorsbELL, W. C., The structure of the female flower in Coniferae. Ann. 
Botany 14:39-83. 1900. 

78. ————, The morphology of the sporangial integuments. Rep. British Ass. 
Belfast. p. 812. 1902. 


77 


79. ———, The structure and origin of the Cycadaceae. Ann. Botany 20: 1209 

159. 1900. 

EXPLANATION OF PLATE XI 

Abbreviations: w, walls of cells; m/, middle lamella; m, material piled in 
large granules here; d, dense portion; /, very small granules, homogeneous 
region, cytoplasm made up of fine granules arranged in rows; s, striations; p, 
pits; po, pores; bp, branched pores; of, outer fleshy layer; ws, unsclerified cells; 
s, stony layer. 

Fics. 1-8.—Ceratosamia mexicana: fig. 1, cell from longitudinal section of 
ovule, showing early phases of pitting; piling of granular matter near walls 
evident; fig. 2, detail of portion of cell in fig. 1, with middle lamella, walls of 
cells, dense less granular cytoplasm, granules being piled toward walls, and vac- 
uolation, 627; fig. 3, portion from much older cell, showing beginning of 
pitting, vacuoles increased in size, X 502; fig. 4, later stage in pitting, with 
glimpse of first striation, from ovule older than that of fig. 3, X502; fig. 4a, 
portion of fig. 4, showing alignment of granules constituting area between 
vacuoles, 627; fig. 5, stone cells of outermost region of stony layer adjacent 
to outer fleshy layer, showing pores and striations of thick secondary walls, 
300; fig. 6, stone cell from fifth row of cells within, counting from outer 


fleshy layer, showing striations in secondary wall, also vestiges of vacuolation, 
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300; fig. 7, cell near inner fleshy laver with few pores and large lumina, and 
palisade striations of old wall, X 300; fig. 8, innermost cells of stony layer, 
showing persistence of tannin in lumina and also in pores; pits quite common in 
secondary walls, 300. 
lcs. 9-13.—Ginkgo biloba: fig. 9, two cells of fig. 38, showing arrangement 
of cytoplasmic material, X 502; fig. 10, cell in pitting stage, 502; fig. 11, 
median longitudinal section of stony layer, showing different types of cells; 
clongated longitudinal cells on outside, isodiametric cells in middle, and elon 
gated longitudinal cells in interior (more or less diagrammatic), 166; fig. 1 


stone cell in middle region, showing pits in secondary walls, branched forking 


“) 


pores, and striations, X 300; fig. 13, cells from innermost region of stony layer, 
showing clongated longitudinal type of cells, striations, and few branched pores, 
300. 
Fics. 14, 15.—Pinus Laricio: tig. 14, cell before lignification, showing 
prominence of vacuoles, cytoplasmic material, and ruptured nuclear membrane, 
502; fig. 15, cell from same ovule as fig. 14, taken near micropylar end, show- 
ing beginning of pitting stage; note dense spots near primary walls, X 502 
hic. 16.—-P. Banksiana: diagram of transverse section of ripe seed, showing 
portion of lignified rib and stony layer; outer fleshy layer shown with lignified 
rib and parenchymatous cells within; stony laver shows unsclerified region on 
outside, U-shaped cells of stony laver, isodiametric cel!s in inner region, X 260. 
FIG. 17. Juni pe rus virginiana: cells of old seed in transverse section, 
showing few canaliculi and broken striations in secondary walls, X 300. 
Fic. 18.—Gnetum Gnemon: transverse section of outer integument, showing 
outer fleshy and stony layers, X 166. 











PHYSIOLOGY AND MORPHOLOGY OF PYTHIOMORPHA 
GONAPODIOIDES' 
BESSIE B. KANOUSE 
(WITH PLATES XII, XII) 

The important réle of the environment in the morphological 
development of fungi is a fact too often overlooked or underesti 
mated. That such an intimate relation exists between a fungus and 
its surroundings has been demonstrated beyond doubt. It is espe- 
cially apparent in the Phycomycetes. In the Saprolegniaceae and in 
related families, the physiological relations can be predicted with 
great accuracy; yet even here it sometimes happens that due regard 
is not given to these significant facts, with the result that accounts 
of laboratory studies often give erroneous descriptions of the pos- 
sible normal morphogenesis. 

A striking example of the value of controlled cultures was evi 
dent in connection with some studies made on Pyt/omor pha gona- 
podioides Peterson. The point of interest in connection with this 
fungus lies in the fact that it shows particularly delicate reactions 
to unfavorable external stimuli, in marked contrast to the reactions 
in what are probably optimum conditions. Hence there exists a dis 
agreement in the accounts given for sporangial development by the 
two investigators who have previously reported the fungus. Prerrer 
sON (3) originally described the fungus from Danish collections, 
erected for it the new genus Pythiomor pha, and established the new 
family Pythiomorphiaceae. According to his description, the genus 
differs from Pythium, which it is said to resemble closely, in the 
absence of a vesicle membrane, which in Pylhium is formed outside 
the sporangium, and in which the zoospores are completed. He says 
concerning Pythiomor pha that the zoospores “fare not surrounded by 
a vesicle membrane, and are at once capable of movement.” From 
observations based on mixed cultures, VON MINDEN (2) described 
the same fungus from some collections in Germany, and states that 
there is present a vesicle membrane similar to that found in Pyihium; 

* Papers from the Department of Botany of the University of Michigan, no. 21 
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hence he believes that Pvthiomor pha might quite reasonably be in- 
cluded in the Pythiaceae. 

In the following account, the studies were made from cultures 
derived from single ZOOSPOTe isolations of the spec ies studied by these 
two men. As will be seen, PETERSON’s account of the sporangial 
development was correct; VON MINDEN’s misinterpretation was due 
doubtless to lack of a full appreciation of the effect of the physio 
logical conditions in the development of this sensitive organism. The 
present account confirms the fact that Pythiomorpha cannot be 
placed in the Pythiaceae, if we accept the detinition of that family as 
it was established by SCHROTER (5). This account extends the de 
scription of Pythiomor pha gona podioides, since it is the first time that 
the sexual reproduction has been seen definitely. PETERSON never 
saw the sexual organs, and VON MINDEN’s observations were made 
on mixed cultures in which the connections could not be established 


with any degree of certainty. 


Reactions in culture 


The fungus was obtained from two sources and a total of four 
collections was made. The collection upon which this account is 
based was obtained in November 1923, from a brook near Ann 
Arbor, Michigan. It was secured by using fruit bait in the manner 
described by von Minpen. After two weeks, when mycelium ap- 
peared on the surface of the fruit (peach, prune, and fruit of a 
Cralaegus sp. were used), the traps were brought into the laboratory. 
Phe fruit was washed carefully and repeatedly in water, placed sep 
arately in glass capsules containing about 200 ce. distilled water, and 
put ina cold room. The temperature ranged from 2 to 14° C. Bai 
teria, Paramecia, etc., developed readily, and it was only by chang 
ing the water frequently that such contaminations could be kept at 
a minimum during the time the rough cultures were kept in the 
laboratory. There soon appeared sporangia characteristic of Py 
thiomor pha. Nearly all of them were poorly or only partially de- 
veloped. In| microscopic mounts no activity showed within the 
sporangia, and no motile zoospores were seen. Only one sporangium 
was observed which contained a few nonmotile spores. ‘This served 
later in selecting Pyihiomor pha spores for isolation. An effort was 
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first made to obtain mass cultures that would be comparatively free 
from contaminations, from which spores could be isolated more 
easily. After repeated failures in obtaining a growth from such frag- 
ments on the substrata as they were first used, this procedure was 
abandoned and single spores were isolated directly from the original 
mixed culture, using the Kauffman spray method. 

Failure to secure gross cultures made from mycelium fragments 
on flies, cooked prune, uncooked prune, or beef gelatine discouraged 
the use of such material in the handling of the several single spore 
isolations that were made. It was discovered, however, that prune 
agar, synthetic agars with a high sugar content, or sugar gelatine 
were favorable for mycelial growth; so the stock cultures were made 
by transferring small blocks of these agars into flasks containing 
sterile conductivity water. The vegetative growth was luxuriant, 
but no sporangia were formed. The fungus also made rapid growth 
in pea broth, but here likewise no sporangia developed. Small por- 
tions of the mycelium were washed in conductivity water for two 
hours, and then were transferred to 15 cc. fresh conductivity water, 
following the method used for securing sporangia in Saprolegnia. 
This method of quickly and thoroughly reducing the food supply 
resulted in a production of sporangia after twenty-four hours. With 
few exceptions, however, the sporangial development had been 
checked before the spores were formed. The protoplasm was often 
plasmolized and contracted into an irregular mass in the center of 
a sporangium. Frequently the sporangiophore had resumed its 
apical growth, and after entering the sporangium grew around or 
through the protoplasmic mass (fig. 17). Often the protoplasm had 
entirely disintegrated, having been partially scattered outside the 
mouth of the sporangium (fig. 16). Some sporangia, chiefly those in 
an early stage of development, looked turgid and normal. In such 
cases vacuolization or evidences of cleavage could sometimes be 
seen clearly, but activity was suspended and spores were not de- 
veloped. Fig 20 shows a sporangium in which germination of spores 
had begun within the sporangium. It was frequently observed that 
the tip of the sporangium broke and a part of the protoplasm flowed 
out in a formless mass and remained as such at the mouth of the spo- 
rangium (figs. 18, 19). The angular spore outlines could often be dis- 
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tinguished. Such sporangia are identical with those figured and de- 
scribed by VON MINDEN as normal Pythimor pha sporangia. He inter- 
prets these sporangia to be like those found in Pythium, in which the 
protoplasmic contents is forced out of the sporangium into a vesicle 
formed at its opening. 

In Pythiomor pha gona podioides, what appears as a vesicle with 
spore contents Is merely another form of abnormal sporangial de- 
velopment. In such a case the tip of the papilla opens, and the pro- 
toplasmic contents is extruded. It is probable that the inner mem- 
brane that develops before the spores are released is partially forced 
out of the sporangium, always at its apex, appearing somewhat like 
a vesicle. The protoplasm completely fills the membrane from its 
lirst appearance outside of the sporangium; it is never large enough 
to contain more than half of the sporangial contents. Furthermore, 
zoospores Were never seen to form from such extruded protoplasm. 

The last described sporangia, occurring as they do in single spore 
cultures under certain conditions, as well as in rough cultures grown 
in the laboratory, might quite readily be interpreted as normal spo- 
rangia. The predominance of sporangia with plasmolized and frag- 
mented protoplasm, however, together with the absence of motile 
zoospores, indicated strongly that something was decidedly wrong 
with the environmental conditions; some inhibiting factors could be 
assumed as having prevented the fungus from developing sporangia 
and zoospores in the manner that is possible in nature, and inherent 
in the organism. Notwithstanding the fact that earlier efforts at 
using fruit as a culture medium had failed, it still seemed reasonable 
to infer that fruit in some form could be used successfully, since the 
original catches were made on this substratum. Further attempts 
resulted in the following method, which was used with decidedly 
satisfactory results. 

The surface of a dry prune was cut away with a sterile scalpel. 
Small strips of the flesh, about tem. in length and 4 or 5 mm. in 
width and of similar thickness, were dropped into hot paraffin. 
When cold a piece of prune was cut out, leaving a surrounding layer 
of paraffin. This prune fragment was then cut into two pieces, one 
ol which was placed into a capsule containing 15 cc. of sterile con- 


ductivity water. By this method only a small cut surface about 
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5 mm. square was exposed directly to the water. The melted paraf- 
fin that entered the tissues of the prune together with the layer o/ 
hardened parattin forming the partial external shell prevented a 
rapid diffusion of the soluble nutrients contained in the prune. The 
hot parattin also killed any contaminations that might have been 
present, thus making it a simple matter to handle the single spore 
materia) and keep the cultures pure. Mycelium transferred to this 
substratum grew luxuriantly. After four or five days small portions 
of the well nourished mycelium were washed in conductivity water 
and then were transferred to fresh conductivity water. Within forty 
eight hours an abundance of zoosporangia were formed, none of 
which showed the abnormal conditions just described. Zoosporangia 
were watched in all stages of development, and in numerous cases 
mature zoosporangia were seen to discharge their zoosperes. ‘The 
zoospores were “at once capable of movement” (3) and immediately 
swam away. This is the genus characteristic established by PETER 
son, and is beyond question the correct account of zoospore forma- 
tion under what must be assumed to be the optimum conditions for 
this fungus. 

The details of sporangial formation were studied mainly from 
open slide cultures, since the disturbance caused by even a careful 
transfer of mycelium from a culture to a slide, made after the spo 
rangia were formed, was sufficient to arrest more or less completely 
the activity within the sporangia. Mycelium was therefore trans- 
ferred to conductivity water on flamed slides, which were placed in 
sterile Petri dishes made to serve as damp chambers. Fine glass 
threads were used to support the cover glass, since placing it directly 
on the mount interfered with sporangial activity. Van Tieghem cells 
were also used, but were not as satisfactory as the open slide cul- 
tures. Apparently the temperature best suited for sporangial de 
velopment was about 22° C., so that all operations could be carried 
on in a room of ordinary temperature without much thought being 
given to that part of the technique. A temperature of 30°, likewise 
temperatures of 3° and 8° C., proved unfavorable; at these tempera- 
tures sporangia were formed tardily and presented the abnormal con- 
ditions before mentioned. 


Oogonia were first seen in the rough cultures in the laboratory in 
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the fall soon after these cultures had had the thorough, frequent 
washings described. ‘These oogonia probably belonged to Pythio- 
mor pha, although their identity could not be established at that time. 
Oogonia were observed again on mycelium from single spore mate 
rial in a conductivity water culture seventeen days old. Production 
of sporangia preceded the formation of oogonia. The third instance 
in which oogonia were seen was in an original rough culture that 
had been kept throughout the winter. An examination of this ma 
terial was made in March, five months after its collection, when an 
abundance of germinating oogonia was observed. The question 
arose, could one be sure that these were oogonia of P ythiomor pha, 
or perhaps of another fungus? A single oogonium, therefore, was 
isolated and transferred to prune agar, from which source bacteria 
(ree cultures were derived. After a period of time necessary to secure 
well nourished mycelium and to allow for the usual reactions to take 
place, mycelium was transferred to water in the usual way, and typical 
P ythiomor pha zoosporangia were formed. ‘This proved that the oogo 
nia seen in the rough culture belonged to Pythtomorpha, and the 
studies of the germinating oospores described later were therefore 
made from this culture. 

‘The last two instances cited confirm the well known principle of 
Kuress (1) that here, as in Suprolegnia, certain physiological condi 
tions determine the appearance of the sex organs. The outstanding 
physiological condition in each of these cases was a gradual reduc 
tion of the suitable food supply from a mycelium which in the begin 
ning had been in a vigorous, healthy condition. In the cases of the 
rough cultures in which the germinating oospores were found, the 
occasional washings throughout the winter, followed by a fresh sup- 
ply of water, lessened the amount of available nutrients. Only a 
short time before the oospores were observed, the water in the cul- 
ture had again been renewed. In the case of the mycelium from the 
single spore material placed in conductivity water, the same princi- 
ple held true. In both cases the fungus responded by the production 


of sexual organs. 


Pythiomorpha gonapodioides under optimum conditions 
The mycelium is very delicate as to size and fragility. It forms 
a loose, floccose mass of hyphae having a silvery white sheen. The 
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hyphae branch profusely in a subdichotomous manner (fig. 14). 
Budlike projections (fig. 14a) are present on all the mycelium, ex- 
cept on the hyphae bearing the reproductive organs. These out- 
growths, which appear to be merely vegetative in nature, give the 
mycelium a very uneven appearance, hence a single hypha varies 
greatly in width, measuring 4-7 «. Cross walls form only in hyphae 
immediately below the reproductive organs. The protoplasm is 
largely homogeneous in structure (lig. 15), producing a high refrac 
tion and a pallid color under high magnification. Granules which 
PETERSON believes are cellulin are always present. The hyphae oc- 
casionally form curiously knotted and twisted mats (fig. 21) that 
resemble the hyphae of certain Phytophthora species. 

The long, straight, slender, unbranched sporangiophore hyphae 
(fig. 140) extend beyond the central mass of branched mycelium, giv- 
ing the margin of the culture the appearance of being bordered by 
a very delicate fringe. They are much narrower than the vegetative 
hyphae, averaging only 3 u in width. The thin walled young spo- 
rangia form at the ends of the sporangiophores. They are at first 
spherical (fig. 1), but soon after the laying down of the basal septum 
they take on the characteristic oval or pyriform shape (figs. 2-4). 
There is a broad papilla at the apex of each sporangium (tig. 4). The 
fine, granular protoplasm of the sporangium is soon transformed into 
spores in a manner similar to that described by RotHert (4) for 
Saprolegnia. The protoplasm soon becomes coarsely granular, pro- 
ducing a lumpy appearance. Hyaline cleavage furrows appear from 
the center of the sporangium, dividing the protoplasm into about 
seven irregular shaped masses. Furrows continue to cut into these 
masses very quickly, until what are presumably the final spore units 
can be distinguished (fig. 3). The sporangium is divided by cleav- 
age, so that in median section three or four rows of spores are seen 
across the short diameter of the sporangium (fig. 3). The vacuoles 
which are present in the spore origins shift constantly. The stage 
of angular spore units is followed by one in which the protoplasm 
appears more or less fused (fig. 4). The individual spores reappear 
very quickly, however, and at this time have more rounded out- 
lines (fig. 5). A large vacuole and seven or more highly refrac- 
tive globules as well as granular protoplasm can be seen within the 
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spores lying near the upper surface of the sporangium. Immediately 
before the spores are discharged, their outlines merge again (fig. 6). 
‘This lasts only a few seconds, when the sporangium is opened and 
the spores escape (fig. 7). At maturity the sporangia measure 26 
15 X 10-27 mb. 

During the development of the zoosporangium, up to the time of 
zoospore discharge, considerable changes are taking place in the 
character of the sporangial wall. In the young sporangium the wall 
is thin, but as development continues differentiation occurs, as may 
be seen by comparing figs. 1-7. ‘The wall as a whole increases in 
thickness, and is finally seen to be differentiated into an outer and 
an inner wall, between which a hyaline layer has become noticeable. 
Correlated with this “zwischen substanz”’ we find what appears to 
be the same kind of substance, making up the enlarged area pro- 
duced during the development of the papilla at the tip of the spo- 
rangium. As shown in fig. 6, this substance disappears at the time 
of the opening of the sporangium, thus making free egress of the 
zoospores possible. The nature of the wall was determined in normal 
sporangia and mycelium in part by the following test. When stained 
with chloriodide of zine the hyphal walls turn a pale lilac blue, indi- 
cating the presence of fungus cellulose. The outer zoosporangial 
wall also assumes a similar color. Furthermore, the inner membrane 
of the zoosporangium shows unmistakably the same color reaction; 
hence the inner membrane can be regarded as a definite, differen- 
tiated wall. 

In the later stage of maturity, the space between the outer wall 
and the inner membrane at the apex of the sporangium becomes 
very clear (fig. 5). When the substance in the papilla has disap- 
peared, the outer wall is spread by the break, so that the opening is 
frequently considerably wider than the diameter of the escaping 
zoospores (figs. 6, 7). The inner wall is unbroken until the dis- 
charge of the spores ruptures it at a point just beneath the papilla. 
That the opening made in this inner wall or membrane is small, is 
shown by the fact that the spores are very much constricted in 
passing through it (fig. 7). As soon as the spores leave the spo 
rangium, the inner wall contracts and draws away from the outer 


wall, so that it is always visible in empty sporangia (figs. 9, 13). It 
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may be lifted by a rejuvenating sporangiophore growing into the 
empty sporangium at the base (figs. 9, 11). 

The sporangia are true zoosporangia, since they never have been 
seen to function as conidia in the production of germ tubes. The 
number of zoospores formed within a zoosporangium varies from 
eight to thirty; they measure g-15 wu in diameter. As soon as the 
zoospores are seen to move within a sporangium they show great ac- 
tivity. The plastic cells resolve themselves into curious shapes be 
fore they finally swim away. Their adjustment to conditions out- 
side of the sporangium takes but a few seconds, so that the more or 
less angular form is rapidly changed to the usual kidney shape com 
mon to zoospores in the Peronosporales. The large vacuole finally 
occupies a position near the middle of the motile spore (fig. 8). ‘There 
are two lateral cilia which can be seen clearly by staining with iodine 
vapor (fig. 8a). They were also observed three times in the living 
state. After a few rotations on the long axis, the zoospores swim 
away with long, swift, straight darts. On coming to rest the cell 
rounds up and encysts within a thin wall (fig. 8b). Germination may 
take place directly within a few hours by sending out hyphae in 
one or more places (fig. 8b). A second swarming then occurs, in 
which the protoplasm passes slowly out of the cyst wall (fig. 8c). 
The cilia were not located at this stage, but their escape from the 
cysts was clearly seen (fig. 8d). 

Secondary sporangia are numerous. ‘They are always formed at 
the end of a sporangiophore, either within an empty sporangium or at 
some distance beyond it (figs. ro-13). The process of the rejuvena 
tion of the apex of the sporangiophore with the formation of new 
sporangia may be repeated several times, so that it is not uncom- 
mon to find a series of four or five empty sporangia in a row, or to 
find the same number arranged in a nested fashion (figs. 12, 13). 
Their development is in every respect like that given for the pri- 
mary sporangia. 

Oogonia are produced on short mycelial branches (figs. 22, 24). A 
cross wall separates the organ from the supporting hyphae. The 
oogonia are spherical in shape and measure 22-36 uw. At maturity 
they are surrounded by three walls (fig. 24). ‘The protoplasm is high 


ly refractive, very fine, and evenly distributed, completely filling the 
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oogonium (figs. 23, 24). Many oogonia develop parthenogeneti 
cally. On germination the slender hyphae which are put out usually 
branch immediately (figs. 26-28). In the hundreds of germinating 
oogonia observed no case was seen, under the conditions obtaining, 
where sporangial formation directly followed germination. 

Antheridia were infrequent in the cultures under the conditions 
named. Only about ro per cent of the oogonia were accompanied 
by antheridia. ‘They were seen only in the single spore cultures, 
since, as before stated, the oogonia in the mass culture were already 
germinating when tirst observed. So far as could be determined, the 
antheridial branch arises from a hypha other than that bearing the 
oogonium,. The antheridial branch winds around the oogonium, as 
shown in fig. 25. A cross wall separates the antheridium from the 
supporting hypha on which it is formed. 


This work was done under the direction of Professor C. H. 
KAUFFMAN, University of Michigan, to whom I wish to express my 
thanks for kind advice and help. 


UNIVERSITY OF MICHIGAN 
ANN ArRBor, MIcuH. 
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EXPLANATION OF PLATES XII, XIII 
ics. 1-15 from single spore cultures developed unde optimum conditions: 
all excepting fig. 14 drawn to scale from high power. 
Fic. 1.—Young zoosporangium and sporangiophore. 


iG. 2.—Zoosporangium at later stage with papilla 
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FIG. 3.—Zoosporangium with cleavage furrows separating what are prob- 
ably final spore origins. 

Fic. 4.—Later stage of development, showing indistinct spore outlines. 

Fic. 5.—Next stage, showing distinct rounded outlines of individual spores. 

1G. 6.—Appearance of zoospores immediately before zoosporangium opens; 
outer wall as it occasionally looks immediately preceding escape of spores. 

lic. 7.—Egress of zoospores and manner of passing through opening. 

Fic. 8.—Biciliated zoospore of first swarm stage, soon after escaping from 
sporangium: a, immediately after coming to rest (stained with iodine); 6, en 
cysted spore and germination; c, naked cells during and after escaping from 
cyst; d, germination of such a naked cell by formation of germ tube. 

Fic. 9.—Empty zoosporangium, showing inner membrane lifted by tip of 
rejuvenated sporangiophore pushing into base. 

FIG. to.—‘‘Nested” appearance of secondary empty sporangia, and carly 
stage of fourth secondary zoosporangium. 

Fic. 11.—Later development of secondary zoosporangium (note rising of 
inner wall at base of empty sporangium). 

Fic. 12.—Nest of four empty sporangia with stalk of fifth; note that at 
formation of fifth sporangium a sullicient amount of growth energy had in all 
probability again been provided by some sudden and favorable change in food 
supply. 

FIG. 13.—Series of empty zoosporangia formed within and beyond primary 
zoosporangium; sixth beginning to develop. 

Fic. 14.—Habit sketch of mycelium grown in prune culture five days, 
washed two hours, transferred to conductivity water twenty-four hours: a, 
vegetative, budlike protuberences; ), sporangiophore in relation to branched 
mycelium. 

Fic. 15.—Detail of hyphae enlarged. 

Fics. 16-20.—Various types of abnormal sporangial development, showing 
effects of unfavorable conditions; single spore cultures; drawn to scale (high 
power). 

Fics. 16, 17.—Contents of sporangium in plasmolyzed condition. 

Fics. 18, 19.—Protoplasm extruded from sporangia, giving false impression 
of a vesicle. 

Fic. 20.—Spore germination in situ. 

Ftc. 21.—Knotted type of mycelium produced by growth of budlike pro- 
jections (found in all old cultures). 

Fics. 22, 23.—Early stages in development of normal oogonia. 

FIG. 24.—Mature parthogenetic oospore and oogonium. 

Fic. 25.—Oogonium with antheridium. 

Fics. 26-28.—Germinating oospores from culture, shown by isolation to be 
those of Pythiomor pha. 
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DEVELOPMENT OF EMBRYO SAC IN GASTERTA, 
CYRTANTHUS, AND VELTHEMIA 
ETHEL G. STIFFLER 
(WITH PLATES XIV, XV, AND SEVEN FIGURES) 
Introduction 

The study of the female gametophyte in angiosperms began 
during the latter half of the nineteenth century, and developed 
chiefly through the efforts of such investigators as HOrmMeEIsTER, 
WARMING, VESQUE, STRASBURGER, TREUB, MELLINK, GUIGNARD, 
and others. COULTER and CHAMBERLAIN (2) summarized the work 
which had been accomplished up to 1g03, and recently another sum- 
mary by RutGers (13) has appeared. On the whole, the subject has 
received a much smaller proportion of scientific attention during 
this century than formerly. 

The history of the female gametophyte is considered as beginning 
with the division of the megaspore mother cell. Two general types 
of development prevail. The first, or so-called “normal” type, is 
that in which the usual product of the megaspore mother cell divi- 
sions is an axial row of four megaspores. With but few exceptions, 
the three outer cells disintegrate, while the innermost, by three 
successive divisions, gives rise to the mature 8-nucleate embryo sac. 
In the second, known as the “Lilium” type, the megaspore mother 
cell develops directly into the 8-nucleate embryo sac, without the 
intervention of megaspore formation. ‘There is every gradation be- 
tween the two types. The variety is quite conspicuous among the 
Liliaceous plants, due perhaps, as suggested by CouLTer and 
CHAMBERLAIN, to the fact that more of the species have been in 
vestigated. These authors felt safe in making only one generaliza- 
tion in regard to the monocotyledons, which was that, aside from 
their irregularities, more of them than of the dicotyledons had 
reached the condition of the non-dividing mother cell. The present 
study will include only conditions found among the Liliaceae, 
Amaryllidaceae, and Tridaceae. 


Botanical Gazette, vol. 79 
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Review 

The division of the megaspore mother cell may result in the forma- 
tion of four, three, or two megaspores, or the cell itself may develop, 
by three divisions, into the complete embryo sac. Walls may or may 
not form between the cells, and if formed may be horizontal, verti 
cal, or oblique, altering to some degree the shape and arrangement 
of the megaspores. They may be evanescent, lasting only a short 
time, or very definite walls which survive the degeneration of the 
megaspores. Such variations, however, have no effect upon the 
morphological position of the megaspores. The first division of the 
megaspore mother cell is always a reduction division, while the sec- 
ond is equational. 

If the megaspore mother cell divides, it is usually the inner 
daughter cell which develops, the other disintegrating. There are, 
however, exceptions to this rule. In Smilacina racemosa (g), and 
probably also S. amplexicaulis, the megaspore mother cell divides 
unequally to form a large outer and a small inner cell. The outer 
becomes the embryo sac, while the inner produces two cells which 
gradually degenerate. In Scilla (Agraphis) patula, S. nutans (18), 
S.campanulata, and S. hyacinthoides var. caerulea (11) the outer cell 
develops, although in the last two species the inner also develops 
to the 4-nucleate stage before degenerating. The usual development 
of the inner cell, as well as the fact that it usually starts division first, 
possibly may be accounted for by the fact that it is nearer the source 
of nutriment through the base of the ovule. 

The normal and Lilium types of development have been outlined 
and will be described in detail in connection with Gasleria and 
Cyrtanthus. It seems worth while, however, to mention some of the 
reported cases of these two general types. ‘To the normal type be- 
longs Polygonatum commutatum. COULTER and CHAMBERLAIN re- 
ported Trillium recurvatum as developing in a similar manner, but 
Miss HEATLEY (7), after working out the life history of T. cernuum, 
in which the embryo sac forms from the two inner megaspores, 
came to the conclusion that these authors were mistaken, and that 
I. recurvatum was like T. cernuum. Another example of this type, 
Convallaria majalis, has also been a subject of discussion. It was in- 


vestigated by WIEGAND (2), who reported that the megaspore mother 
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cell divides to form two fully separated daughter cells, which in turn 
divide without forming cross walls. Then the transverse wall dis- 
integrates and the four nuclei divide to form the 8-nucleate sac. This 
account was contradicted by SCHNIEWIND-TH1es (16), who reported 
that the mother cell divides to form a linear tetrad, one cell of 
which develops while the others degenerate. 

Examples of the Lilium type are Lilium Marlagon (12, 14), L. 
philadelphicum (15), and Tulipa (18). Miss FARRELL (4), working 
on the vascular anatomy of Cyrlanthus sanguineus, mentioned the 
probable conformity of its embryo sac to this type. Smiélacina stel- 
lula, S. sessifolia, Maianthemum canadense, and Medeola virginica 
9) represent a somewhat intermediate stage. In these tetrad forma 
tion occurs, the cells being separated by walls which later dissolve 
and disappear. ‘Then by one division the embryo sac is completed. 

Further departures from the two general types are those in which 
only two daughter cells are formed, several of which have already 
been described, or in which there are three. In both cases, the inner 
usually is the functioning cell which becomes the embryo sac. Plants 
developing the diad are Streplopus roseus (g), Paris quadrifolia (in 
which the outer nucleus also may divide once), Trillium grandi- 
florum (3), Narcissus taselta, N. micranthus, and Ornithogalum  py- 
renaicum (6). Three daughter cells are found in Vucca gloriosa and 
Tris stylosa (3). 

\ type of embryo sac development rare for Liliaceous plants is 
that of Clintonia borealis (17). Here the archesporial cell undergoes 
no cell division, neither cutting off a parietal cell nor dividing into 
megaspores, but passes directly into the embryo sac. After each 
maturation division, temporary cell plates are visible and the outer 
daughter nucleus is the larger. ‘The outermost nucleus divides twice 
to form a mature sac of four nuclei. One peculiarity of this develop- 
ment is the unipolarity of the embryo sac after reaching the tetrad 
stage. Another is that only four nuclei are produced, and that these 
resemble the micropylar four nuclei of the normal 8-nucleate sac. 
The two outer nuclei become synergids, the others the egg and one 
polar nucleus. MCALLISTER (9) confirmed these results. 

\bnormalities, particularly in the form of two megaspore 


mother cells, have been reported, but seem to have occurred with 
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greater frequency among the dicotyledons. Among the monocotyle- 
dons the earliest case on record is that of Ornithogalum pyrenaicum, 
in which GUIGNARD (6) figured and interpreted two small hypodermal 
cells as being archesporial. BERNARD (1) reported two embryo sacs 
in the same nucellus in Lilium candidum. COULTER and CHAMBER- 
LAIN noted two cases in Lilium philadelphicum, one showing three 
and the other five archesporial cells. Miss FERGUSON (5) discovered 
a single case of two megaspore mother cells separated by a layer of 
somatic cells in a megasporangium of Lilium longiflorum. LECHMERE 
(8) reported two embryo sac mother cells in one ovule of Fritillaria 
messanensis. MCALLISTER (9), working on the Convallariaceae, 
found two megaspores or partly developed embryo sacs in Smilacina 
stellata, S. sessifolia, S. racemosa, S. amplexicaulis, Polygonatum 
commutatum, and Maianthemum canadense. He attaches little sig- 
nificance to their occurrence. VESQUE (19) found an interesting case 
in Uvularia grandiflora, where two or three daughter cells of one 
megaspore mother cell could each develop an embryo sac to the 
4-nucleate stage. 
Material and observations 

Gasteria, Velthemia, and Cyrtanthus, the plants furnishing the 
material for this study, are all natives of South Africa. The first two 
belong to the Liliaceae, the last to the Amaryllidaceae. The ovaries 
of Gasteria and Cyrtanthus are very similar in structure, consisting 
of three carpels, bearing two rows of about fourteen ovules each. In 
Velthemia only two ovules develop on each carpel, and it commonly 
happens that only four ovules of the six possibilities reach maturity. 
The ovaries were collected at various stages of development, and 
fixed in a chromosomo-acetic solution. Paraffin sections were cut 
8-10 pw thick and stained in Haidenhain’s haematoxylin. 


GASTERIA 


In the ovule of Gasteria, the one celled archesporium, distin- 
guished by its size and position from neighboring cells, appears be- 
fore the formation of integuments has begun. Division takes place 
shortly, resulting in a primary parietal or tapetal cell and the larger 
megaspore mother cell (text fig. 1). The former may degenerate 
almost immediately, or persist through the heterotypic divisions. 
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Meanwhile both the outer and inner integuments have made their 
appearance and are developing rapidly. The megaspore mother 
cell enlarges and elongates, the nucleus remaining at or near the 
center (text fig. 2). The ensuing division results in the formation of 
a large inner and a smaller outer daughter cell, separated by a 
definite wall (text fig. 3). The homotypic division follows, beginning 
first in the inner cell, and giving rise to a tetrad of four megaspores 
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Fics. 1 Gasteria ovules showing: fig. 1, megaspore mother and primary parie- 
tal cells, X 270; fig. 2, megaspore mother cell, later stage, 270; fig. 3, diad stage, 
X 207; fig. 4, tetrad, X270; fig. 5, 2-nucleate embryo sac with three disintegrating 
megaspores, 270; fig. 6, 4-nucleate embryo sac, X 200; fig. 7, mature embryo sac, 
K 135. 


(text fig. 4). ‘The wall which separates the two outer cells is typically 
oblique, although it may be horizontal and parallel to the other two. 
It forms rather slowly, and occasionally fails to appear before the 
nuclei have badly disintegrated. 

The three outer megaspores degenerate as the fourth continues 
its development. The product of the first gametophyte division is 
a 2-nucleate embryo sac (text fig. 5). The three disintegrating mega- 
spores form a cap at the micropylar end. The embryo sac grows, 
and after another division shows two nuclei at each end, separated 
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by the large vacuole which appeared in the preceding stage (text 
fig. 6). By this time the sac has broadened considerably at its 
micropylar end. Growth continues, division takes place a third time, 
and the 8-nucleate embryo sac is complete. Immediately after this 
division, the two polar nuclei migrate toward each other, meet near 
the antipodal group, and fuse. After a period of rest, the egg appa- 
ratus is organized from the two synergids and the egg nucleus at the 
micropylar end (text fig. 7). Often the antipodals have started to 
degenerate by the time the egg is ready for fertilization. No abnor 
malities of development were noted. 


CyYRTANTHUS 

At the time when the large megaspore mother cell of Cyrtanthus 
parviflorus makes its appearance, the ovules are horizontal, with the 
inner integuments in the early stage of formation. A single layer of 
cells separates the megaspore mother cell from the epidermis. No 
tapetal cell is cut off. The growth of the mother cell is accompanied 
by that of the integuments, and by the time the heterotypic meta- 
phase is reached the inner integuments have grown out the length 
of the nucellus, the outer ones half as far. The product of the hetero 
typic division is the 2-nucleate embryo sac with a large vacuole in 
the center between the nuclei (fig. 3). At this stage the growing 
ovules almost fill the cavity of the ovary. Continued growth results 
in the upward pushing of the ovules, so that the uppermost become 
almost vertical. The ovules in adjacent rows turn slightly outward 
from each other, resulting in a compression of the outer integument 
of one side. During subsequent growth, the embryo sac becomes 
broader at the micropylar end. The homotypic division forms the 
4-nucleate stage, with two nuclei occupying each end of the sa 
(fig. 4). Often the antipodal nucleus has divided in a plane at right 
angles to the micropylar nucleus, resulting in one chalazal nucleus 
above the other. Preceding the third division, considerable growth 
and lengthening of the embryo sac takes place. The nuclei divide to 
form eight, thus completing the embryo sac. ‘The outer polar nucleus 
moves toward the inner and they meet near the antipodal group 
(fig. 5). The three antipodals and the fusing polar nuclei continue 
to occupy the inner end of the sac, while at the outer end the egg 








1925] STIFFLER—EMBRYO SAC 


iS) 
a 
oS) 


apparatus is organized (fig. 6). At this stage the outer portions of the 
synergids show striations. 

Several abnormal stages were observed. Cases of two megaspore 
mother cells are shown in figs. 7 and 8. Another was found which 
resembled the twin megaspore mother cells of Velthemia (fig. 11). 


>: 


One example of four archesporial cells was found (fig. g). 


VELTHEMIA 

The integuments of the comparatively large ovule of Velthemia 
viridifolia are well developed before there is any perceptible differ- 
entiation of the nucellar tissue to form the megaspore mother cell. 
It finally appears as a large cell in usually the second layer below the 
epidermis. No tapetal cell is cut off. The heterotypic division forms 
two daughter cells, the inner larger and separated from the other 
by a wall. The subsequent homotypic division results in the forma- 
tion of a tetrad, of which the two inner megaspores are separated 
by a horizontal wall, the two outer by a vertical wall (fig. 14). The 
three outer megaspores rapidly disintegrate, while the inner con- 
tinues its development (fig. 14). The 2-nucleate embryo sac has the 
nuclei as opposite ends, separated by a large vacuole (fig. 16), and 
by another division the 4-nucleate sac develops (fig. 17). Here nor- 
mal development ceased in the material available. 

Gasteria seemed to be normal in all respects, and Cyrtanthus 
showed few variations, but Velihemia, in addition to displaying many 
abnormal tendencies in early stages, seemed to be wholly abnormal 
in its later development. A double ovule was observed in one in- 
stance (fig. 10). ‘Two megaspore mother cells developing side by side 
in the same nucellus are shown in fig. 11. In both examples the cells 
seemed entirely normal and capable of further development. An 
interesting case showed indications that a linear tetrad was formed, 
in which the three outer megaspores failed to degenerate and all four 
started to develop (figs. 18, 19). The two inner cells have reached 
the 2-nucleate stage, while the outer two are still uninucleate (fig. 
18). A later stage is shown in fig. 19, where the nuclei of all cells 
have undergone division. The innermost megaspore has developed 
into the 4-nucleate embryo sac; the next one, also in the 4-nucleate 
stage, is being crushed from above and below; the third has become 
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binucleate but also is being crowded; the fourth has had room to 
expand and has also reached the 2-nucleate stage (fig. 19). A case 
somewhat similar to this is that reported and figured for Uvularia 
by VESQUE (19), in which two or three megaspores develop as far 
as the 4-nucleate stage. 

Typical older embryo sacs are shown in figs. 20 and 21. The sac 
consists of two arms, one exceeding the other in length. By this time 
the ovule has grown quite long, and the longer arm of the sac extends 
well into it. In practically every case there is a very large nucleus 
near the tip of the long arm, and three, apparently the egg apparatus, 
at the micropylar end (fig. 20). Above the large chalazal nucleus 
numerous dark-staining granules are seen, possibly remains of other 
nuclei, and in the short arm two dark masses resembling degenerat- 
ing nuclei of other preparations are seen in the embryo sac illustrated 
in fig. 21. Four nuclei occupy the micropylar end. In this prepara- 
tion the sac consists of two parts joined by a median connection; the 
sac shown in fig. 20 is apparently a continuous structure. 

A different type of development is shown in tig. 22. Here there 
are probably two rows of three megaspores each, the innermost of 
each group appearing more capable of development. 


Conclusions 

t. In Gasteria the archesporial cell forms the primary parietal 
and megaspore mother cells. The latter divides to form a tetrad of 
megaspores, the three outer of which disintegrate, while the inner, 
by three successive nuclear divisions, develops into the 8-nucleate 
embryo sac. 

2. Cyrtanthus follows the Lilium type of embryo formation, the 
8-nucleate sac developing directly by three nuclear divisions from 
the megaspore mother cell. 

3. The megaspore mother cell of Velthemia forms a tetrad of 
which only the innermost megaspore develops. The embryo sac 
develops abnormally beyond the 4-nucleate stage. 


I wish to express to Dr. WILLIAM RANDOLPH TAYLOR, who sug- 
gested the study, my great appreciation of his kindness and coopera- 
tion in the preparation of this paper. 

UNIVERSITY OF PENNSYLVANIA 

PHILADELPHIA, Pa. 
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EXPLANATION OF PLATES XIV, XV 

All plate figures, with the exception of fig. 10, are so oriented that the micro 
pylar end is toward the bottom of the page, and are longitudinal sections of 
ovules. 

PLATE XIV 
Cyrtanthus parviflorus 

Fic. 1.—Megaspore mother cell; 400. 

Fic. 2.—Megaspore mother cell, later stage; X 4oo. 

Fic. 3.—Two-nucleate embryo sac; X 400. 

Fic. 4.—Four-nucleate embryo sac; X 300. 

Fic. 5.—Eight-nucleate embryo sac; X 200. 

Vic. 6.—Mature embryo sac; X 135. 
l'1cs. 7, 8.—Two megaspore mother cells; X 400. 
¥ic. o.—Four megaspore mother cells; < 400. 


Velthemia viridifolia 
Fic. 10.—Twin ovules; X 375. 
Vic. 11.—Twin megaspore mother cells; 400. 
PLATE XV 
Fic. 12.—Megaspore mother cell; 350. 
Fic. 13.—Diad stage; X 350. 
Fic. 14.—Tetrad; 350. 
Fic. 15.—Developing megaspore; X 350. 
Fic. 16.—Two-nucleate embryo sac; X 350. 
lic. 17.—Four-nucleate embryo sac; X 350. 
Fic. 18.—Four developing megaspores; X 350. 
Fic. 19.—Same, later stage; X 270. 
Fic. 20.—Abnormal late embryo sac development; X 135. 
Fic. 21.—Same; X 290. 
VIG. 22.—T wo rows of three megaspores each; X 350. 
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PEMALE GAMETOPHYTE OF TRILLIUM SESSILE 
R. C. SPANGLER 
(WITH PLATES XVI, XVII) 

Although some species of 7'rillium have a wide distribution and 
can easily be obtained in abundance, they have not been studied 
very extensively. Descriptions of the development of the female 
gametophytes of 7. grandiflorum (2) and 7. cernuum (4) have been 
published. GREGOIRE and WyYGAERTS (3) used these same species 
for studying the structure of the nucleus and chromosomes. ATKIN 
SON (1) studied microsporogenesis, and Miss NOTHNAGEL (5) fecun 
dation and formation of the primary endosperm nucleus in 7. 
grandiflorum. In studying the development of the female gameto 
phyte of 7. sessile, some attention has been given to the structure of 
the chromosomes at certain stages. A complete study, however, of 
the structure of the chromosomes and nucleus was not attempted. 

I. sessile grows in abundance near West Virginia University. 
The material was collected from October 1 to 10, and during April 
and May. Flemming’s weaker solution of chromo-acetic acid was 
used as the fixing agent. Haidenhain’s iron-alum haematoxylin, and 
safranin and gentian violet were the stains used. The former gave 
better results. 

Material collected October 1 showed that the archesporial cell 
had already divided to form the megaspore mother cell and a prima- 
ry wall cell (fig. 1). In the formation of primary parietal tissue 7. 
sessile is similar to T. cernuum (4) and unlike 7. grandiflorum (2). 
At this stage the megaspore mother cell and its nucleus are much 
larger than the cells and nuclei of the surrounding tissue (fig. 1) 
Material collected in early spring showed no change, except that the 
megaspore mother cell was much larger (fig. 2). The nucleus shows 
the first indications of division two or three days before the spreading 
of the petals. The resting reticulum forms very thin threads (fig. 2), 
which collect at one side of the nucleus into a dense synaptic mass 
(hg. 3). As the threads come out of synapsis they shorten, thicken, 
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and segment into six chromosomes (fig. 4). At this stage, apparently 
just before the disintegration of the nuclear membrane, the chromo 
somes contain many vacuoles (fig. 5). A longitudinal section some 
times shows a row of vacuoles with equal spaces between them 
(fig. sa). Cross-sections of chromosomes show different arrange 
ments and sizes of vacuoles. Some have one large central vacuole, 
with or without smaller vacuoles around it (figs. 50, 5¢); others have 
four large vacuoles (fig. 5d). The nuclear membrane disintegrates 
and the chromosomes are quickly arranged in the equatorial region 
of the spindle (fig. 6). At this stage the chromosomes contain 
vacuoles (figs. 7, 7a) as well as immediately after the splitting (figs. 
8, 8a). The spindle fibers are very numerous and strongly developed. 
This is quite different from 7. cernuum, in which Miss HEATLEY 


oe 


observed that only “delicate spindle fibers can be distinguished in 
the cytoplasm.” 

At late anaphase each chromosome contained a row of distinct 
vacuoles with equal spaces between them (figs. 9, ga). GREGOIRE 
and WYGAERTs observed a similar condition in the vegetative cells 
of T. grandiflorum at both metaphase and anaphase. These vacuo- 
late chromosomes collect in a close mass at the poles and become in 
vested with a membrane. The nucleus then enlarges; the chromo 
somes separate and show the same vacuolate structure as at late 
anaphase (figs. ro, roa). At this stage in 7. grandiflorum, Ernst 
reports that the chromosomes form a netlike reticulum as they come 
out of the close knot of early telophase. In 7. cernuum Miss HEAt 
LEY states: ‘The chromosomes of each nucleus seem to fuse end to 
end, but there is no evidence from the material studied that they 
completely lose their identity at this stage and form a reticulum.” 
In 7. sessile, as shown in fig. 10, the chromosomes are connected by 
only a few very small threads. 

The cells are the same size at completion of the heterotypic 
division, and are separated by a complete wall (figs. 10-12). The 
chalazal cell increases in size more rapidly than the antipodal cell, 
and usually encroaches on it (figs. 12-20). Sometimes the cells re 
main almost the same size until after the completion of the homo 
typic division (figs. 13, 17). When this happens, the four megaspore 


nuclei are the same size. Often each megaspore nucleus shows six 
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vacuolate chromosomes with a little anastomosing by very fine 
threads similar to those formed by the heterotypic division (figs. 14- 
17). More commonly, however, the megaspore nuclei are reticulate 
and contain nucleoli (fig. 18). Apparently the megaspores formed in 
this manner remain in the resting condition for a few days. At no 
time is there any indication of wall formation between the nuclei 
formed by the homotypic division. The two micropylar megaspores, 
although the nuclei often become fully developed, do not function, 
but soon disintegrate and are absorbed by the rapidly growing 
chalazal megaspores (figs. 18-20). This is apparent during the homo- 
typic division, which always lags behind that of the chalazal cell 
(figs. 14-16). In the material observed the homotypic division al- 
ways begins, but often is never completed (figs. 14-16). According to 
Miss HEATLEY, in 7. cernuum disintegration may take place before 
the beginning of the homotypic division. 

The female gametophyte develops from the two chalazal mega 
spores. At the completion of the homotypic division the nuclei of 
these megaspores may or may not form netlike reticula and go 
through a short resting period (figs. 18, 19). The nuclei which do not 
form resting reticula are similar in appearance to those formed by the 
heterotypic division (figs. 16, 17), and apparently the two divisions 
take place immediately to form the 8-nucleate embryo sac, which 
has enlarged very rapidly (figs. 20, 21). The nuclei take their usual 
positions (fig. 21) and are now ready for the male nuclei, one of 
which reaches the egg, and the other the polar nuclei (fig. 22). 

The nuclei of the female gametophyte are easily distinguished 
from the male nuclei by their size, coarse reticulum, and nucleoli. 
The male nuclei are finely granular, less than one-half the diameter 
of a polar nucleus, and without nucleoli. Fig. 22 shows a male 
nucleus in close contact with the two polar nuclei, which are still 
in the resting condition, although Ernsrt says that in 7. grandiflorum 
the polar nuclei begin to form spiremes even before the male nucleus 
arrives. He also shows three polar nuclei in 7. grandiflorum, and 
says that this occurs occasionally when an antipodal nucleus en- 
larges and wanders to the center of the embryo sac. Miss Noru- 
NAGEL states: “In 7. grandiflorum the three nuclei, which unite to 


form the primary endosperm nucleus, are all alike in shape, it being 
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impossible to distinguish the male nucleus by its form or size (lig. 
16)... . . All three contain nucleoli; sometimes one, while at other 
times many.”’ In 7°. sessile the male nuclei differ so much from the 
other nuclei of the embryo sac that they can easily be distinguished 
from them, and their identity is certain. 

It is evident from this account of the female gametophyte of 
T’. sessile, and from those of the two species previously studied, that 
all have similar origin and development, but that some distinct 
variations occur. It is likely that food and water supply determine 
the stage of development of the micropylar megaspores before their 
disintegration, and whether or not the chalazal megaspores develop 
immediately after their formation without a resting period. It seems 
certain that the chromosomes of Trillium are vacuolate at all stages 
of mitosis, since vacuoles were observed throughout the heterotypic 
division of 7. sessile in this study, and at metaphase and anaphase 
in vegetative cells of 7. grandiflorum by GREGOIRE and WYGAERTS. 

West VIRGINIA UNIVERSITY 

MorGANTowN, W.VA. 
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EXPLANATION OF PLATES XVI, XVII 

All drawings were made by aid of a camera lucida, except figs. 5, 7a, 8a, ou, 
and roa, which are freehand drawings. Figs. 1, 21, and 22 are magnified 330 
times; all other camera drawings 767 times. The micropylar end of all figures 
is toward the upper edge of the page. 

Fic. 1.—Tip of ovule, showing megaspore mother cell. 

Fic. 2.—Spireme in megaspore mother cell. 

1G. 3.—Synapsis in megaspore mother cell. 
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Fic. 4.—Six chromosomes in nucleus of megaspore mother cell after 

synapsis. 

iG. 5. 


Vacuolate chromosomes from fig. 4. 
Fic. 6. 


Megaspore mother cell with spindle and chromosomes nearing 
equatorial region, 


lic. 7. —Metaphase of heterotypic division of megaspore mother cell 

Nic. 7a.—Vacuolate chromosomes from fig. 7. 

Fic. 8.—Completion of metaphase of heterotypic division of megaspore 
mother cell. 

Fic. 8a.—Vacuolate chromosome from fig. 8. 

k'1G. 9.—Anaphase of heterotypic division of megaspore mother cell. 

ric. ga.—Vacuolate chromosome from fig. 9. 

lic. 10o.—Beginning of wall after heterotypic division in megaspore mother 
cell, 

Fic. roa.—Vacuolate chromosomes from fig. to. 

PIGS. 11-1 3. Completion of heterotypic division of megaspore mother cell 


into two cells. 


NG. 14.—Homotypic divisions; division of micropylar cell lagging. 

Fics. 15, 16.—Homotypic divisions; chalazal complete, micropylar in 
complete. 

ric. 17.—Four megaspore nuclei of same size. 
Fics. 18, 10. 
FIG, 20. 


nuclei. 


Chalazal cell enlarged; micropylar cell disintegrating. 


Formation of four nuclei by division of two chalazal megaspore 


iG. 21.—Mature female gametophyte. 
Fic. Female gametophyte with two male nuclei; antipodal nuclei dis- 
integrating. 
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AN UNUSUAL INTRAOVARIAL FRUIT IN 
CARICA PAPAYA 
(WITH ONE FIGURE) 
The occurrence of secondary fruits within the ovary of Carica papaya 
L. (papaia) is not uncommon. A description of some of the forms usually 
found has been published. Very recently a form of much rarer occurrence 
has been supplied to the writer, through the kindness of Dr. F G. KRAuss 





Fic. 1.—Intraovarial fruit of Carica papaya as proliferation of stem axis; about 
} natural size. 


of the University of Hawaii. This specimen is a model in miniature of a 
normal fruit. It completely occupied the seed cavity of the fruit in which 
it was found (fig. 1). 

This specimen proved to be a proliferation of the stem axis. Very 
small fruits occurring as such are occasionally found. An example of this 
type was described and illustrated in fig. 6 of the former paper. All such 
forms previously observed have been very small, usually less than an inch 
long. 

The specimen here described measured 8 inches in length and 3.75 
inches in diameter. It was pale green, and had a style similar to that of a 


1 Bot. Gaz. 72297-101. 1921. 
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normal fruit. A seed cavity was present but contained no seeds, although 
minute outgrowths along the placentae indicated the beginning of ovule 
formation, A similar condition with reference to ovule development is 
often found in ordinary fruits. In these fruits the failure of the ovules to 
develop is attributed to lack of pollination. Normally developed seeds 
were found in the seed cavity of the fruit within which the secondary 
fruit here described was located. 

An examination of the epidermis of the intraovarial fruit showed it to 
be similar to that of an ordinary papaia, but lacking the waxy coating 
characteristic of ordinary fruits. Stomata were present but differed from 
those previously described for intraovarial fruits in being relatively larger, 
and in having very large round stomatal apertures. The guard cells con- 
tained plastids which showed a faint green tinge, to which the color of 
the fruit was probably due.—H. F. BERGMAN, University of Hawaii, Hono- 


lulu. 











CURRENT LITERATURE 


BOOK REVIEWS 
Researches on fungi 


The third volume of BULLER’s work' is devoted largely to a consideration of 
the structure of the hymenium and the method of spore discharge in agarics. 
The distinctions between the two types of fruit body occurring in these forms, 
the Aequi-hymeniiferous or non-Coprinus type and the Inaequi-hymeniiferous or 
Coprinus type, together with the special characteristics of the Panaeolus sub 
type of the former group, were treated in the second volume, and have been sum- 
marized in these pages.? The four remaining subtypes of the Aequi-hymeniiferae 
are discussed in the volume under consideration, completing the treatment of 
this series, and the structure of four of the six subtypes recognized in the 
Inaequi-hymeniiferae is given in detail, leaving two subtypes for treatment in 
the concluding volume. 

Of the non-Coprinus forms, the Psathyrella subtype is characterized by a 
short lived basidiocarp, extremely light in structure, and held in shape during 
the less than twenty-four hours of spore discharge by the turgid, girder-like cells 
of the open trama. Especially noteworthy is the discovery of the existence in this 
subtype of tetramorphic basidia, differing in length and with overlapping spores, 
the longest maturing and shedding their spores first, then collapsing and making 
way for the three successive spore generations borne on the shorter basidia. 
The Bolbitius subtype has equally ephemeral basidiocarps, but the basidia are 
monomorphic and not so closely crowded. The deliquescence often noted in 
these forms takes place only after all the spores are shed, and is wholly different 
from the progressive autodigestion of the gills occurring in the Coprini. The 
Armillaria subtype is characterized by strongly built, persistent basidiocarps, 
with monomorphic basidia developing simultaneously over the entire surface of 
the gills through a period of several days. The fourteen species listed as known 
to belong to this subtype represent ten genera of white spored and two genera 
of pink spored agarics. The Jnocybe subtype has persistent basidiocarps, mono- 
morphic but compactly spaced basidia, and exhibits incipient mottling of the 
gills. It is intermediate between the Panaeolus and Armillaria subtypes. 

Different species of the same genus may be placed in different subtypes. 

‘Butter, A. H. R., Researches on fungi. III. The production and liberation of 
spores in Hymenomycetes and Uredineae. 8vo. pp. xii+-6rr. figs. 227. London: Long- 
mans, Green, & Co. 1924. 


2 Bot. GAZ. 772233. 1924. 
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Thus, Lepiotu procera seems to belong to the Armillaria subtype, while L. cepae- 
stipes is a typical representative of the entirely different Psathyrella subtype. 
Russula emetica belongs to the Inocybe subtype, while R. cyanoxantha and RK. 
ochroleuca belong in the Armillaria subtype. The structure of the hymenium 
gives no warrant, in the author’s opinion, for classifying either Bolbitius or 
Psathyrella with Coprinus. 

Of the four Coprinus subtypes described, the Comatus sub-type is character- 
ized by narrow, rigid gills, subparallel sided, with conspicuous flanges at the 
edges. The basidia are dimorphic and the cystidia are lacking. In the Atramen- 
farius subtype the gills are parallel sided, and there are no flanges, but the inter- 
lamellar spaces are maintained by numerous cystidia, which act as braces, under- 
going autodigestion only just before spore discharge begins in their immediate 
vicinity. The basidia are dimorphic. In the Lagopus subtype the gills are paral- 
lel sided, with slightly developed flanges, and are held apart by the numerous 
cystidia in the younger stages, but separated by the expansion of the pileus 
before the beginning of spore discharge. The basidia are dimorphic. The Mi- 
cuceous subtype possesses wide, subparallel sided gills with cystidia for the most 
part clustered at or near their edges, where they act as guards rather than braces 
in the younger stages, the pileus expanding, as in the Lagopus subtype, before 
the spores are shed. In this subtype the basidia are tetramorphic. 

Che remaining chapters of Part I are taken up with observations on noc- 
turnal spore discharge in Pleurolus ostreatus and Collybia velutipes, including 
notes on the effects of low temperatures; with a complete account of the 
agarics parasitic upon other agarics, accompanied by a general summary of 
the parasitism of fungi on fungi; and with a discussion of bioluminescence in 
fungi. 

Part IL is concerned with spore discharge in the rusts. It is shown that the 
mechanism for the discharge of basidiospores (sporidia) in these forms is exactly 
the same as in agarics. The typically curved shape of the rust basidium (promy- 
celium) is shown to be correlated with the fact that the spores are always borne 
on the convex outer side, that is, in the position most favorable for spore dis- 
charge. The author cites the neglected observations of ZALEWSKI (1883) con- 
cerning the violent discharge of aecidiospores, which are confirmed by his own 
observations and by those of DopGe and Grove. The mechanism of discharge is 
obviously quite different in this case from that utilized for basidiospore dis- 
charge, and tentative suggestions concerning its nature are offered. Uredospores 
are not violently discharged but accumulate in dusty heaps in the uredosori, 
from which they are picked up by the wind and distributed exactly as are the 
spores of puffballs and slime molds. 

In this volume and its predecessors, the higher fungi are presented, not as 
the lowly organized and degenerate forms of the Linnean tradition, but as highly 
specialized plants displaying minutely adjusted adaptations to their particular 
way of life. Indispensable to the mycologist, they offer a wealth of material for 


the consideration of the student of evolution, for the morphologist, and for the 
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general biologist. In the matter of typography and illustrations the high stand- 
ard set by the earlier volumes is maintained throughout the third.—G. W 
MARTIN. 

NOTES FOR STUDENTS 

Sex determination.—This subject stubbornly maintains its standing as a 
live problem in biology, refusing to succumb to any single solution of universal 
application. The field of investigation is constantly being enlarged, and it is 
noteworthy that significant data are now being accumulated on sex in plants as 
well as animals. 

The time honored sex chromosome machinery is so easily demonstrated in 
many bisexual animals, and is so strikingly confirmed by the distinctive method 
of inheritance of sex-linked characters, that it provides a theory which is almost 
too satisfactory; for when one is satisfied as to the existence of X- and Y-chromo- 
somes he is in danger of letting the matter rest at that point. This purely quali- 
tative view of sex has been assailed vigorously by RmppLe and others, who main- 
tain that sex is essentially quantitative, and that the sex chromosomes represent 
only one of many forces which are operating to determine sex. They urge that 
purely environmental forces can, through changing the metabolic rate of an 
organism, convert it into an intersex or even the opposite sex. Recently their 
position has been strengthened by three cases of complete sex reversal in higher 
animals, found by CREW: in the domestic fowl, by Cuampy! in 7yiton, and by 
Rip te; in the ring-dove. Granting that such transformations are possible, one 
feels that their effects should be as transitory as are other acquired characters. 
This impression is supported by the discovery that in frogs, when potential 
females have been artificially converted into functional males, and are then 
mated with normal females, the progeny are of the female sex only (CREW®). 
In this mating, every gamete, both sperm and egg, must contain an X-chromo- 
some; evidently the sex transformation which takes place is purely somatic. 
On the other hand, Crew’s transformed hen functioned as father of two chicks, 
one of each sex. This, however, is what would be expected; in birds the female 
is heterozygous for sex, so that this mating should produce two females to one 
male among the viable offspring. 

It is only very recently that the sex chromosome machinery has been demon- 

3 Crew, T°. A. E., Studies in intersexuality. IT. Sex reversal in the fowl. Roy. Soc. 
(London) Proc. Ser. B 95: 256-278. 1923. 

4CuaAmpy, Cu., Changement experimental du sexe chez le Triton alpestris Laur. 
Compt. Rend. Acad. Sci. Paris 172:1204-1207. 1921. 

5 RIppDLE, Oscar, A case of complete sex-reversal in the adult pigeon. Amer. Nat. 
58:167-181. 1924. 

6 Crew, F. A. E., Sex reversal in frogs and toads. A review of the recorded cases 
of abnormality of the reproductive system and an account of a breeding experiment. 
Jour. Genetics Ii: I41I-Id1I. Ig2I. 
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strated among plants. ALLEN,’ and later Scuacke,’ had provided cytological 
evidence of X- and Y-chromosomes in S phaerocar pus, but here sex was expressed 
in the haploid generation, so that the case was hardly parallel with the animal 
situation. Recently several investigators have found X- and Y-chromosomes (or 
their equivalents) in dioecious angiosperms. SANTOS? in Elodea, KIHARA and 
Ono” in Rumex acetosa, BLACKBURN" in Melandrium album, and WixcE® in 
Humulus lupulus, H. japonicus, and Melandrium album (independently of 
BLACKBURN). WINGE also finds that male plants of Vallisneria spiralis have 
a single sex chromosome (XO), while female plants have two (XX); thus not 
only the Lygaeus tvpe, but also the Protenor type of mechanism is shown to 
exist in the plant kingdom, 

\lso there was some advance confirmation of these cytological findings by 
means of sex-linked inheritance. SHULLS and BAUR" had found sex-linked in- 
heritance in Melandrium album, and Correns' had demonstrated in striking 


manner that female determining pollen tubes were the more rapidly growing in 


7ALLEN, C. E., A) chromosome difference correlated with sex differences in 
S phac irpus. Science 46:400-467. 1917. 
The basis of sex inheritance in Sphacrocar pu Proc Amer. Phil. So 
58: 289-31 1QIQ. 
SScHACKE, Martua A., A chromosome difference between the sexes in S phuer- 


ocar pus texanus, Science 49:218-219. 19109. 


> Santos, J. K., Differentiation among chromosomes in Elodea. Bor. GAZ. 7 


Determination of sex in Elodea. Bor. Gaz. 72 353-370. 1924. 
7 } 


> ROHARA, H., and Ono, T,, ( ytological studies on Rumex L. On the relation of 


chromosome number and sexes in Rumex acetosa L. (Eng. résumé p. 86). Bot. Mag 


OKVO 372147-149. 1923 


BLACKBURN, KATHLEEN B., Sex chromosomes in plants. Nature 112: 
1Q23 
Wince, O., On sex chromosomes, sex determination. anc preponderance of 
females in some dioecious plants. Compt. Rend. Carlsberg 15:1-26. 1923 
Suuur., Geo. H., Inheritance of sex in Lycle Bor, GAZ, 49: 110 . I 
, Reversible sex-mutants in Lychnis dioica. Bor. Gaz. 521320-308. tot 
, Sex-limited inheritance in Lyehnis dioica L. Zeitschr. Indukt. Abstamn 


Vererb. 12:265-302. 1014 


4 Baur, E., Ein Fall von geschlechtshc crenzter Vererbung bei Mel mdrium 
Zeitschr. Indukt. Abstamm. Vererb. 8:335—336. 1rore. 


33 
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VW. album and Rumex acetosa. ALLEN,'® also, has recently found a good case of 
sex-linked inheritance in his Sphaerocar pus. 

Among those who are opposed to the sex chromosome interpretation among 
plants, by far the most energetic is SCHAFFNER,'? who has published numerous 
papers describing sex-intergrades and complete sex reversal in “normally” 
dioecious plants. 

The possibility of applying the sex chromosome machinery to monoecious 
plants seems dubious, to say the least. Apparently the only interpretation which 
there is much hope of applying to all types of cases is that which Brinces" 
developed from a genetic and cytological study of inter-sexes in Drosophila, and 
which is enthusiastically accepted by most geneticists. This is really a “sex 
factor theory’’ more than a “sex chromosome theory,” since sex (potentially 
quantitative but usually qualitative) is pictured as being influenced by factors 
upon all chromosomes. Through this theory the essential properties of the 
previously mysterious X-chromosomes are revealed in terms consistent with the 
phenomena of Mendelian inheritance, and the possible réle of the environment 
in influencing sex is rendered quite plausible. EMERSON” is quite sanguine about 
applying these ideas to the plant kingdom in general, and points out the intlu 
ence upon sex of several distinct Mendelian factors in maize.—M. C. COULTER. 

Cytology of cereal hybrids.—Our most important crop plants, the cereals, 
have been attracting the attention of cytologists increasingly of late. The funda 
mental problems of chromosome number and behavior, hybridization, and evolu- 
tion of species may here be attacked with favorable material, and there is the 
additional interest that with these cereals something of far reaching economic 
importance may be achieved. 

6 ALLEN, C. E., Reported at Cincinnati meetings of A.ALALS. 1923. 

7 SCHAFENER, J. H., Reversal of the sexual state in certain types of monoecious 
inflorescences. Ohio Jour. Sci. 21: 185-198. 1921. 

, Control of the sexual state in cArisuema triphyllum and A. Dracontium. 
Amer. Jour. Bot. 9:72-78. 1922. 
, The sexual nature of vegetative or dichotomous twins of Arisaema. Ohio 
Jour. Sci. 22:149-154. 1922. 
-, Sex reversal in the Japanese hop. Bull. Torr. Bot. Club 50:73-79. 1923. 
, Observations on the sexual state of various plants. Ohio Jour, Sci. 23: 149 
159. 1923. 
-——, The influence of the relative length of daylight on the reversal of sex in 
hemp. Ecology 4:323-334. 1923. 
, The time of sex determination in plants. Ohio Jour. Sci. 23: 225-240. 1923. 
, Expression of the sexual state in Sagittaria latifolia, Bull. Torr, Bot. Club 
SI: 103-112. 1924. 
8 Rev. Bor. GAz. 72:408-410. 1921; Bot. GAZ. 743227. 1922 
19 EMERSON, R. .A., A genetic view of sex expression in the flowering plants. Science 


59:170-182. 1924. 
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KIHARA” deals with an extensive series of hybrids, mostly among the 
wheats. Chromosome numbers have also been fully investigated, some new 
determinations being reported. It now appears that wheat falls into three 
groups: the Einkorn, or Monococcum, having 7 haploid chromosomes, the 
Emmer having 14, and the Vulgare with 21. The first group is of no economic 
importance, and hybrids between it and the other groups are sterile. Crosses 
made between members of the second and the third group give a partially sterile 
I’, generation, and an F, of various characters and degrees of sterility. The F, 
is found to have 35 chromosomes. In the reduction division, 14 bivalents and 7 
univalents are found, the latter splitting in the first division usually, and in the 
second going indiscriminately to either pole, although belated, and thus often 
are not all included in a microspore. In the latter case they then disintegrate or 
form supernumerary pollen grains. Thus pollen is formed whose nuclei possess 
varying numbers of chromosomes. Sterile combinations are speedily eliminated, 
and before many generations there are but two numbers represented, 28 and 42, 
resembling the Emmer and the Vulgare types respectively. Forty-chromosome 
plants were found which were considered to lack a pair of Vulgare chromosomes. 
The reduction division in the embryo sac mother cells was found to be identical 
with that of the pollen mother cells. 

Other haploid chromosome numbers found are: oats 7, 14, and 21; barley 
>; rye 7 or 8; Aegilops 14. Sterile hybrids were obtained between TVyriticum 
vulgare and rye (Secale cereale). The reduction division was somewhat as report- 
ed, except that the number of bivalents was variable and the affinity between 
them weaker. The size of the pollen grain was found to vary directly with the 
chromosome number. 

KIHARA’sS work as regards wheat is confirmed and in some ways amplified 
by three other independent publications. WATKINS” is concerned chiefly with 
the cause of the elimination in subsequent generations, following a cross between 
wheats of 14 and 2t haploid chromosome numbers, of all chromosome numbers 
except these two. Two hypotheses are proposed and treated mathematically. 
In the first it is assumed that the frequencies of the gamete classes are the same 
in both sexes, and that random mating occurs; in the second it is supposed that 
in a plant with less than 35 chromosomes, only male gametes with 14 chromo- 
somes function, and in plants with more than 35 chromosomes, only those with 
>t function. WATKINS also gives a very careful and detailed account of the 
reduction division here as observed. 

SAX and GAINES” have made and tested an interesting hypothesis arising 

> KiHARA, Hirosut, Cytologische und genetische Studien bei wichtigen Getrei- 
dearten mit besonderer Rucksicht auf das Verhalten der Chromosomen und die Sterilitat 
in den Bastarden. Mem. Coll. Sci. Kyoto Imp. Univ. Ser. B 1:1-200. 1924. 
'Warkins, A. E., Genetic and cytological studies in wheat. I. Jour. Genetics 


I4:12Q-I17I. 1924. 


Sax, K., and Gatnrs, E. F., A genetic and cytological study of certain hybrids 
of wheat spec ies. Jour. \gric. Res. 28: TOIL7—-1032. 1924. 
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out of the situation that in a cross between an Emmer and a Vulgare wheat there 
are 7 univalent or unpaired Vulgare chromosomes. Characters borne on the 
latter should not be expected to display Mendelian inheritance, since these 
chromosome exhibit random distribution with subsequent sterility in varying 
degree. Characters borne on the 14 primary chromosomes which pair with the 
Emmer in diakinesis should be expected to show Mendelian inheritance. Thus 
one would expect normal Mendelian segregation of characters common to the 
two groups and aberrant segregation of characters which distinguish the groups. 
In general the results obtained were in harmony with expectations, although 
there were indications that in some cases chromosomes carrying distinctive 
Vulgare characteristics may pair with certain of the Emmer quota. Combina 
tions of Emmer and Vulgare characters were obtained more often in the more 
fertile combinations, where forms with intermediate chromosome number are 
not speedily eliminated. No stable combination of favorable characters has vet 
been secured, however, and the authors are not optimistic of success in this field. 
KIHARA’S criticism of BALLY’s report on the hybrid between Aegilops ovatu 
and Triticum vulgare appears justified in the light of the publication of SAX and 
SAX?3 regarding crosses made between -l. cylindrica, a Mediterranean wild grass, 
and Triticum vulgare. The F,; receives 14 chromosomes from the Aegilops and 21 


from the wheat parent. At diakinesis there are about 7 bivalents and 21 univa- 


lents, due, they think. to the pairing of 7 Aegilops chromosomes with 7 wheat 
chromosomes. The single chromosomes appear to be distributed at random, 
giving gametes of variable chromosome number, of which only the rarely 
occurring sets of 7 or multiples thereof can survive apparently. This accounts 
for the high degree of sterility of the hybrids. 

The special characters of the Vulgare group of wheat appear to be due to 
the 7 additional pairs of chromosomes they possess. These characters are all 
found in this Aegilops species. The remote possibility of a hybrid between 
Aegilops and a wheat of the Emmer series forming a stable race with 21 pairs 
of chromosomes, and thus establishing the Vulgare group, is favorably regarded. 
The relative compatibility of chromosomes of different genera is noted. 

All these publications are excellently and copiously illustrated, and are 
substantially in agreement on all points dealt with in common. Since they ap- 
peared almost simultaneously on three different continents, they indicate not 
only the widespread interest in this field, but also the accuracy and the ability 
of the investigators.—R. O. EARL. 

Forests of South Australia.—Recent studies of the vegetation of a por- 
tion of South Australia, near Adelaide,** seem to show clearly how trees of the 
3 Sax, K., and Sax, H. J., Chromosome behavior in a genus cross. Genetics 9:454- 
404. 1924. 

4 ADAMSON, R. S., and Osporn, T. G. B., The ecology of the Eucalyptus forests of 
the Mount Lofty Ranges (Adelaide District), South Australia. Trans. Roy. Soc. 5. 
Australia 48:87-144. pls. 10-20. 1924. 
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same genus may appear as dominants in different climatic formation types. The 
region studied is covered with Eucalyptus forests of various kinds, and includes 
the slopes of a mountain range with a general altitude of 1500 feet, culminating 
in Mt. Lofty, 2234 feet. The temperature is relatively high and uniform, and 
So per cent of the annual precipitation of 20-40 in. comes during the cool 
months of April to October inclusive. Various gravels and sands dominate the 
soils. 

In parts of the region where the rainfall exceeds 30 in., Lucalyplus obliqua 
ind #2. cupitellata either separately or in mixture form the “stringy bark forest 
formation.”’ This 1s a climax forest whose earlier stages are forests of E. fasct- 

lata and & lophora, or ascrub of E. cosmophylla or Casuarina stricta. The 
foliage is of the broad sclerophyll type, the undergrowth is mainly of xerophytic 
undershrubs, and the degenerate forest and scrub closely resemble the “maquis” 
of the Mediterranean region. Phese facts lead the investigators to decide that 
this forest should be classed as a broad seclerophyll formation, although one of 


1p a4 


more continental character than those of the Mediterranean region and of Cali- 


fornia. 

In adjacent areas, where the rainfall is less than 30 in., another forest has as 
dominant trees /. leucoxvlon and &. odorata, mingled with other species of the 
same genus in various soils. This is also regarded as a climax vegetation for the 
region under consideration, but on account of its open stand, its herbaceous 
grasslike undergrowth, and similar conditions it is classified as a “savanna wood- 
land formation.”’ With its various modifications this type is extensively dis 
tributed in Australia. 

\ third forest type, somewhat related to the second in the character of its 
undergrowth, is termed the “red gum formation,’ and consists of forests of £. 
rostrata. It is widely spread, occurring along river sides and wherever there is a 
supply of subterranean water within reach of the roots of the trees. The red gum 
here appears inane arly pure stand of large spread trees, Whose branches almost 
touch one another. 

In addition to the three climax types, successional stages and edaphic vari- 
ations are described and brought vividly before the reader in good photographs 
which are well reproduced. Analyses of the vegetation by Raunkiaer’s biological 
spectra, climatic graphs, and annotated lists of species add to the value of this 


excellent ecological study. Gro. D. FULLER. 


A basidiomycetous yeast.—Ycasts have occasionally been reported which, 
when cultured in Petri dishes, produce mirror images of their colonies on the 
cover of the culture dish, but the reason for the phenomenon seems not to have 
been investigated heretofore. KLUYVER and VAN NIEL? have studied three 
species of yeasts possessing this peculiarity, and find that certain cells of the 


colonies produce sterigmata, upon which spores are borne, and from which they 


25> KLUYVER, .\. J., and VAN Niet, C. B., Spiegelbilder erzeugender Hefenarten und 
die neue Hefengattung Sporobolomyces. Centralbl. fiir Bakt. 2 Abt. 63:1-20. 1924. 
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are violently discharged at maturity. The sterigmata are exactly like those of a 
typical Basidiomycete, although but one is produced by each cell, and the spores 
are basidiomycetous spores, with a hilum from which a drop of liquid is excreted 
immediately before discharge, just as in agarics and rusts as described by 
BULLER. After discharge, these spores proceed to multiply by budding as do 
ordinary yeast cells. On the basis of this behavior the authors claim that these 
forms are clearly Basidiomycetes, and they propose for their reception a new 
basidiomycetous genus, Sporobolomyces, without attempting to assign to it any 
more definite taxonomic position. They quote GUILLIERMOND’s generally ac- 
cepted definition of a yeast as “any unicellular fungus, whatever its biochemical 
properties, of oval or spherical form, which multiplies by budding.” According 
to this definition, the species of Sporobolomyces are clearly yeasts as well as 
Basidiomycetes.—G. W. Martin. 


Filmy ferns as indicators of forest conditions.—.A recent study of the distri- 
bution and habits of growth of the Hymenophyllaceae of New Zealand by 
Hottoway” leads to the interesting conclusion that the extent to which ferns 
generally, and the filmy ferns in particular, adopt the epiphytic habit is a reliable 
indication of how far the high humidities in the forest interior obtain. It seems 
to be the lack of a constantly preserved high atmospheric humidity in the south- 
ern beech forest, in spite of high rainfall and large number of rainy days, that 
causes the paucity of epiphytic fern flora in this forest compared with that of 
the mixed taxad forest. The irregularly shaped tree bases and low spreading 
horizontal branches in the latter forest are also more favorable to the epiphytic 
habit. 

Many details of the distribution of various species are contained in this 
report. The species on the outlying islands about New Zealand indicate that 
none of them possesses any Hymenophyllaceae except such as have resulted from 
chance dispersal from New Zealand. The family shows few endemics in these 
regions.—GEo. D. FULLER. 


Vegetation of New Guinea.—The recent issue of the Vegetationsbilder?? 
maintains its high standard of illustrations in depicting portions of the vegeta- 
tion of the mountains of New Guinea. Among the types illustrated are the 
conifer forest at altitudes of 3200-4750 m., characterized by species of Podo- 
carpus, Dacrydium, and Libocedrus; openings in the forest with Trichomanes, 
Gleichenia, Cyathea, and Alsophila; scrub .ssociations with Casuarina and 
Rhododendron, and a group of myrmecophylous and insectivorous plants includ- 
ing species of Myrmecodia, Hydnophytum, and Nepenthes. A brief descriptive 
text accompanies the plates.—Geo. D. FULLER. 


© HoLtoway, J. E., Studies in the New Zealand Hymenophyllaceae. Trans. New 
Zealand Inst. §4:577-618. 1922; 55:67-04. 1924. 


27 Lam, H. J., Vegetationsbilder aus dem Innern von Neu Guinea. Vegetations- 
bilder, KARSTEN and SCHENCK 15: Heft 5-7. pis. 25-42. 1924. 

















